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PREFACE TO THE THIRD EDITION. 



About forty pages of new matter have been added, but the 
book is no larger than before, as a corresponding number of 
pages have been omitted from the bibliography. A complete 
bibliography of the subject would now need a separate volume, 
and it has therefore seemed best to omit all but the most im- 
portant references. 

The princii)al additions to the book include an account of 
Professor Oliver's tintometer and htemoglobinometer (which are 
the only new instruments of imi)ortance), new matter in the 
chapter on the primary anaemias, and on leukaemia, and a de- 
scription of Miiller's " blood-dust" (the newly discovered con- 
stituent of normal and abnormal blood). Bremer's and Wil- 
liamson's tests for diabetic blood and the iodine reaction in the 
blood during acute sui)purative processes are described, and 
blood exminations are recorded in Malta fever, yellow fever, 
epidemic dropsy, beri-beri, relai)sing fever, tetanus, chicken- 
pox, whooping-cough, and epidemic cerebro-spinal meningitis, 
diseases not included in previous editions. New observations 
on poisoning by alcohol, opium, corrosives, and ptomains, on 
aneurisms, on paroxysmal htemoglobinaemia, and on cretinism 
are recorded. 

I have wished to draw especial attention to the tendency to 
an oval or sausage shape among the red corpuscles in cases of 
grave anaemia and to the occurrence of adventitious forms of 
leucocytes in leucocytosis. 

Some of my critics have regretted that there was so little 
theoretical discussion in the book. In this edition I have for 
the most part eliminated what little there was before. It had 
already become out of date. But though I cannot see my way 
to change the general plan of my book, there has been hardly 
any other suggestion of my critics which has failed to help me, 
I am esi)ecially indebted to those who have been good enough 



VI PREFACE TO THE THIRD EDITION. 

to send mo detailed eriticiflius, and in almost every instance I 
have been glad to m^ike the changes suggested. For such help 
I owe thanks above all to Dr. J. B. Herrick of Chicjigo, Dr. J. 
Ewing of New York, and Dr. Greene of the Marine Hospital 
Sen-ice. 

It is impossible to keep such a Ixiok as this up to date. 
Wliile the sheets of this edition have been passing through the 
press, three imi)ortant works upon the blood have appeared, 
viz.: Ehrlich and Laziinis' "Die Anaemie," Tiirk's "The 
Bhxxl in Acute Infectious Diseases," and Coles' "The Bloixl." 
I have greatly profite<l by reading these books, but unfortu- 
nately have been unable to incoriK)rate their ob8er\'ation8 in 
the present edition. 

190 Marlbokougii Street, Boston. 
July, isiiS. 
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In order to keep the size of this book within reasonable lim- 
its I have omitted all historical account of the steps by which 
our present knowledge of the different branches of the subject 
has been built up. 

Wherever it has seemed to me that a point was definitely 
established, I have stated the conclusions generally accepted 
without special reference to the names of those who worked 
them out. On the other hand, where our knowledge has seemed 
to be insufficient I have given some of the names and findings 
of those who are responsible for the opinions generally current. 

Theoretical discussions have been omitted on account of the 
strictly clinical plan of the book. 

The absence of any account of the origin of the blood cells, 
the chemistry of the blood, coagulation, and many other sub- 
jects of great scientific interest is due to the lack of any con- 
siderable clinical value in them so far as at present understood. 

The body of data referred to from time to time as the " Mas- 
sachusetts Hospital Blood Counts" consists of nearly four thou- 
sand blood examinations, about three thousand of which were 
made by Drs. Moffitt, Hewes, Joslin, Denny, Franklin White, 
Capps, and Barney — medical internes of the hospital since 1893. 
Permission to avail myself of these data was very kindly granted 
me by the visiting physicians of the hospital. To these I have 
added about one thousand examinations which I have made both 
within the hospital and outside. The technique used in all the 
four thousand examinations was essentially that described in 
the following jjages. 

The accumulation of this body of facts and the great mass of 
foreign hsematological literature (untranslated) have seemed to 
me sufficient reasons for the existence of this book — the first of 
its kind in English, so far as I am aware. Further, it has seemed 
to me a great pity that there should be no book available con- 



tainiug colored illiistrntions of gtaiued blood pi-epfirationa v 
bear eome resemblance to their origiual, aud are uot wholly or 
partly works of tlie imiigiuatioD ("diagrammatic"). 

Fimke, of Leipsic, has, I tliiuk, been as siiccessfid in dealing 
with the sfaiiueil blood iu the preeeut work as he was with the 
freah blood in the beautiful illuatratious for W. S. Thayer's 
aionograph oil "The Malnrial Fevera of Baltimnre," 

Aii.v one who writes on the blootl nuist be constantly indebted 
to tlie followiuy standard text-books: Hayem: "Dn Sang," 
Parifi, 18S9. v. Limbeck : " Grundrisa eiue r kliuischeu Patho- 
logic des Blutes," Jeua, 18% (aecond edition). Grawit?.: 
"Klinische Pathologie des Blntes," Berlin. IBDfi. Schmaltz: 
"Pathologie des Bhtt<?H," Leipsic, 1896. Rieder: "Beltrage z, 
Kentniss der Leuoocytoais." Leipsic, 1892. 

I have uflwally refeiTed to them in the test as "Hayem," 
"Bieder," etc., always meaning one of the above works, 

The qnotatious from Schreiber in the test refer to manii8cri|)t 
notes of his lectures in 1896, kindly loaned to nie by Dr. Mark 
"W. Biohardson. 

I am indebted to Dr. F. P. Henry for permission to use the 
cuts from his recent article on the filaria sanguinis honiiuia. 



December, 18X 
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I 



A KEW chapter on tlie serum reaction in typhoid fever luM 
been wlded, and the more obWous mistakes in the test have 
been corrected. I wish to express my thanks to those who have 
cnlttxl my attention to mistakes in the text, esiiecially to Dr. 
Josejih A. Capps, who has furnished many valuable sugge^ 
tione, 
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SCOPE AND VALUE OF BLOOD EXAMINATION. 

H^MATOLOOTT is still SO new a study that no confident state- 
ment can be inuile as to the exact limits of its usefulness in the 
practice of meilicine. It has solved some problems wliere least 
was hoped from it, aud given us ditiaiipoiDtiugly little help 
where great expectations had been amused. We might have ex- 
pected from it some light on the nature of rheumatism, furuu- 
colosis, uruQmia, diabetes, but none has come. 

On the other hand, who could have hoped that it would help 
US in the diagnosis of central pneumonia, of deep-seated su{)- 
paratious and of trichinosis, or iu the proguosiii of relapsing 
fever or of jiueumonia? 

There are probably not more than five or six diseases iu 
which the liUwd examination gives us the diagnosis read.v-made, 
pt there is ft very considerable number of conditions iu which 
B blool examinatiou will help us to make it. Not pathogno- 
touic sigus, but linkn in a chain of evidence are what we are to 
(*xi)ect from blood examination. Very often the simple discov- 
ery that the blood is normal may be a fact of the greatest value 
in diagDosis. 

On the whole it seems to me that the examinution of the 
bloo<l gives evidence similar in kind aud uot much inferior in 
▼Blue to that obtained by examinatiou of the urine. Both 

Iitliods of examination give ns (a) a ready-made diagnoBiB iu 
ew diseases ; (/>) side lights on a good mauy obscure condi- 
ns; and {<•) the frequently great assistance of a negative re- 
rt. In certain wards of the Massuchnsetts General Hospital 
lias l;een fur some years the rule to examine the blood of 
>ry patient as a matter of routiue at the time of entrance. In 
a snmll yiroportion of cases this gave negative evidence only ; iu 
ft ranch larger proportion it materially assisted in the making of 
ft dia^uosia. 
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4 INTRODUCTION. 

Improvements in technique have lessened the labor and in- 
creased the accuracy of blood examination. The most important 
facts about the blood of nearly every case can be obtained by 
a practised observer in fifteen minutes. The experiments of 
Beinert and others have shown that with due care no error suffi- 
cient to mislead judgment need occur. 

The blood is the only tissue that we can study easily during 
the life of the patient. Its relations to all other tissues are such 
that it is typical of them all in a way that no other tissue is, act- 
ing on all and being acted on by all. As yet we have studied 
chiefly its mori)hology, and from that single aspect obtained 
most of the clinically valuable information which we possess 
about it. But the field of the blood chemistry is in many re- 
spects even more promising at the present time, and there seems 
reason to believe that the study of the blood is still in its in- 
fancy and will take a higher place in the future as an aid to diag- 
nosis, prognosis, and treatment. 

Like all methods of j^hysical examination it has especial use- 
fulness when we cannot communicate with a patient, either by 
reason of his unconsciousness, stupidity, or insanity, or because 
he speaks no widely used language. In such cases the detec- 
tion of marked anaemia, leucocytosis, a typhoid serum-reaction, 
or a malarial organism may be of great assistance. Malinger- 
ing is made more difficult by it, and in the diflFerentiation of 
organic from functional disease it is often very helpful. There 
is no febrile disease on which it may not throw light. 

The evidence for these and many other aids furnished by 
the blood examination in clinical work is given in the latei 
chapters of this work. 



PART I. 

METHODS OF CLINICAL EXAMINATION OF 

THE BLOOD. 



CHAPTER I. 



Confining ourselves to the clinically available processes by 
which we can gain information of diagnostic or prognostic 
value, blood examination at the present time embraces eight 
processes. 

1. Examination of the fresh blood (with or without a warm 
stage). 

2. Counting the red and the white corpuscles. 

3. Estimation of the relative volumes of corpuscles and plasma 
by centrifugalizing the blood. 

4. Estimation of the amount of coloring matter. 

5. Estimation of the specific gravity of the blood. 

6. Examination of dried and stained specimens. 

7. Bacteriological examination of the blood. 

8. Examination of the serum. ' 

To describe these processes in detail is the purpose of the 
next chapters. 

I. Examination of the Fresh Blood. 

(a) Obtaining the blood by puncture. In all the processes 
about to be described, except the bacteriological examination, 
the first step is as follows : 

Wipe the lobe of the patient's ear with a damp cloth and 
then rub it with a dry one. This serves to remove gross dirt 
and also to make the tissues hyperaemic, so that a slight punc- 
ture will draw blood. Attempts to sterilize the skin, or washing 
it with alcohol and ether, are unnecessary. 

Use a three-sided (bayonet-pointed) surgical needle or a small 
lancet— a sewing needle, even a sharp one, gives more pain and 

' See Chapter xiii. of Book II 
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draws less blood from a given depth of puncture. The needle 
need not be sterile. In several thousand blood counts made at 
the Massachusetts General Hospital since 1893 the needles have 
never been steiilized and no signs of sepsis have been seen in 
any case. 

Possibly this is due in part to the &Lct that the next step in 
the process after the puncture has been made is always to wipe 
away four or five successive drops as they emerge, which serves 
not only to get the blood flowing freely, but also to wash the ear 
in its own blood. 

Jhe puncture is best made into the lower surface or edge of 
the lobe, which is steadied with the fingers of the left hand. A 
very quick stroke gives least pain, the hand rebounding like a 
piano hammer. If the skin of the lobe is stretched tight with 
the fingers of the left hand so that no ^ give" is possible, the 
quick puncture gives hardly any pain. I have rei>eatedly taken 
blood from a sleeping child without waking it. What hurts the 
patient is the mistaken tenderness that slowly presses the needle 
through the skin. The puncture must be deep enough to make 
the blood flow freely and without pressure, after it is once 
started by pressing out a few drops. Blood scjueezed out with 
pressure should never be used for counting, as it is likely to be 
considerably diluted with fluid pressed out of the neighboring 
tissues. If the skin is moderately thin and the ear easily made 
hypersemic, a puncture one-eighth of an inch deep is sufficient. 
With thick, bloodless skin it may be necessary to go in one- 
quarter or one-tliird of an inch — never more. Beware of bleeders. 
I have seen bleeding from a x)uncture made for a blood count 
which could not be checked for three-(iuai*ters of au hour. It is 
always safer to ask after a history of luemophilia as a matter of 
routine before taking blood, just as one asks after false teeth 
before etherizing. If tliere is a history of lueinopliilia, a mere 
toucli of the needle point will give us all the blood we need 
without embarrassing us with a troublesome hemon-hage. 

There is no question as to the sux^eriority of the ear over 
the finger for drawing the drop. The ear is less sensitive than 
the finger, and a slighter puncture gives us all the blood we 
need. Moreover, it is a distinct advantage, especially in chil- 
dren, that the i)atient cannot watch the puncture of the ear, or 
the preparations for making it, and cannot easily withdraw the 
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part. A »leepiDK patient often oeeds to be roused to get at hia 
finger, while his ear is HHually easilj' iiccessible above the bed 
clothes. Again, the absence of any bony prominence against 
which to press makes us less likely to use too much preeaare 
tluui if we puncture the finger. 

When one is making frequent examinations of the blood of a 
isitive i>er3on, as in pneumonia, these details are of real im- 
lortanee, and in cases of pernicious anceinia in which the pre- 
vioaa attempts to get blood from the finger ha*! been absolute 
Iftiluree, I have found no difficulty in getting it from the ear. In 
\uH disease the advantages of the ear over the finger are pecu- 
irly great. 

Spreading the Blond. 

ill) When, after wiping away the first four or five drops, a 
d-Bizei:l drop exudes spontaneously, touch the centi'e of a 
rfectl.v clean cover-glass against the 
noit of the drop ti-U/ionl t"iirlniii/ 
gk-iii itself at all, and drop the 
vrer-glass face downward upon a 
B>idi(1e so that the force of the impact 
will help to spread the drop of blooil 
thinly and evenly between slide and 
cover. It is recommended by Ehrlich 
and others to liold the cover-glas 
with forcejw, but there is no harm in 

liolding it with the fingers, provided we avoid touching either 
of its surfaces, i.e., hold it always as in Fig. 1.' 

Slide and cover must l>e jierfectly clean, else the blootl will 
jjot spread out in a layer thin enough to avoid the corpuscles 
jwerlying each ()ther so that not one of them is clearly seen. 
Jier, as dirt aimalates fairly closely some of the pathological 
^tpearances for which we are on the lookout, its presence on the 
Bde leads to loss of time or to mistaken conclusions. Cover- 
isaes, as they come from the shops, may be coated with a 
wtance not easily to be removed. To get them really clean 

..ot unniindrul o( ElirUoh'H waraing tlmt tlie niointure of the 

n Bpoils tlii» 8]>ecini^n -. Uiit in practice I tin not Bnd it to l>e true ex- 
u regards the margin of thelllin. the good preservation ot which U 
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nothing is so simple as or more effective than soap and water. 
After several years' use of the method of cleaning usually ad- 
vised (viz., strong mineral acid, followed by alcohol and then by 
ether), I have become converted to the use of plain soap and 
water as the best and simplest way of cleaning slides or cover- 
glasses. Rub soap over every part of the glass, wash it off thor- 
oughly with water, and polish it with a clean handkerchief 
(most towels are apt to leave a scrap of lint on the glass)/ If 
slide and cover are perfectly clean, are held as in Fig. 1, and al- 
lowed to touch only the summit of the blood drop and not the 
skin, the blood will spread out properly between them, and no 
pressure on the cover-glass will be needed to make the layer of 
corpuscles thin enough. Pressure is undesirable, as it often 
makes all sorts of artefacts in the preparation and hastens cre- 
nation of the red corpuscles. Better results are obtained if 
slide and cover are tvamied just before using. 

Prevention of Cell-Death, 

Slides so prepared are usually best examined with a one- 
twelfth oil-immersion lens. As a rule they keep long enough 
for purposes of examination without any further precautions, 
but if we desire to keep the blood fresh and uncoagulated for a 
longer period, it is best to exclude air in this way : Paint upon 
the slide with vaseline, cedar oil, or any gummy substance a 
hollow square or ring of about the size of the cover-glass, so 
that when the latter witli its drop of blood is put down upon 
the slide the drop will spread out inside the ring of oil, which 
seals the margins of the cover-glass to the slide. Specimens so 
prepared will keep for many hours unchanged, and without cre- 
nation or coagulation, if the weather is warm or if the slide be 
kept in a warm place. 

In examining blood suspected of containing malarial para- 
sites it is sometimes useful to put the w^hole microscope into 
one of the warming apparatuses devised for the purpose. This 
is better than any of the various kinds of warm stage in use, but in 
clinical work there is rarely if ever any need for artificial heating 

' Further experience has convinced me that water alone in generally 
sufficient, provided the polishing is thorough. Tissue paper is very useful 
for polishing cover-glasses. After polishing, it is well to pass them through 
a Bunsen or alcohol flame once or twice. 
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pparatas of an.v kind, jirovided the room iiml tlie slide are 



ff'/ial Can lie Learned from Fresh Bhwif. 

Examiuation of the freali blood by the method juat described is 
the best way known for asceiiainiuf^ the presence or absence of^ — 

1. The Plasmodium malariw. 

2. The Spirochn)t« of relapsing lever. 

3. TheFilaria sangainia hominis, 
. Rouleaux formation among the red cells. 

It is also a quick and convenient method of finding out with 
nproxtmaie accuracy : 

(a) Whether the blood contains an iucre.ased amount of fibrin ; 

{h) Whether any considerable autemia or lencocytosia' is 

»eut; 

(f) Wliother or not the amount of htemoglobiu iu the red 

much deoreaaetl; 
((/) 'Whether the red corpuscles are deformed; 
(e) Whether the " blood plates" are increased or not. 
A practised observer can also make a diagnosis of leukirmia by 
lis method iu most cases, but here mistakea may easily occur. 
So much can sometimes be learuetl from a specimen pre- 
in this very quick and easy way that it should be as mneh 
matter of routine as a urine examination. But iu order to get 
any information from such a preparation we must previously 
have familiarized ourselves with the apiiearance of normal blood 
nnder such conditions— with the size, shajie, color, and refrac- 
tions of the red cells, white cells, and blood plates and their ratio 
to on© another, and with the great variety of curious phenomena 
lie seen as a drop of l>Iood gradually dries up between slide 
cover. No book can teach this: it must be learned by 
d experiment. 
Some of the commoner sources of error will be i-eferred to 
lal^r. Here I will mention only the Brownian movement in the 
prolophtsm of the corpuaoles, to be distinguished clearly both 
the amreboid movements of the leucocytes or of the malarial 
iite and also from the irreyular contractions of the dying 
More acciirutfly it is ouly the incio of ted to while corpusclts tliat 
ohh dt^termine, and whoD the red are very much diminished id num- 
roay be deceived into siipposiog that the wliile are increased. 
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protoplasm, which give rise to pseudo-amoeboid motions in the 
crenated points of normal red cells or in the irregular projections 
of corpuscles deformed by disease {vide tv/ra). 

For a more detailed description of normal red corpuscles, 
white corpuscles, and blood plates the reader is referred to 
Part n. 

An account of the pathological changes to be obserred in the 
fresh blood will be given in later chapters. 



CHAPTEE n. 



COUNTING THE CORPUSCLES. 

I. The Thoma-Zeiss counter. 

II. Durham's modified counter. 
I. Out of the many instruments devised for this purpose 

that of Thonia-Zeisa is much 
the most commonly used. In 
the use of this instrument 
there are five stei)S or stages : 

1. Puncturing the ear. 

2. Diluting and mixing 
the blood thus obtained. 

3. Adjusting a drop of di- 
luted blood in the counting 
chamber. 

4. Counting the corpuscles. 

5. Cleaning the pipette. 

To count the white corpus- 
cles, a different instrument is 
often used from that em- 
ployed for the red. 

The technique is nearly 
the same for both instru- 
ments, but for clearness' sake 
I shall describe them sepa- 
rately. To save time I shall 
call the small-bore pipette 
used for red corimscles (Fig. 
2, A) the "red counter," and 
no. «L-TiK,mi.zei« Pipette.. ^.FornKicor. ^^^ large-bore pipette (Fig. 

pnaclcfl; B, for white corpusclea. 2, B) the " white COUIlter. " 
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Counting the Ked Corpuscles. 

(a) After puncturing the ear as above described, and as soon 
as the blood is flowing freely, put the point of the " red counter" 
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iiitt) the ilrop as it emerBes from the «ar, and by BuckinR Rently 
on the mblier tul>e attached to the other eud, draw up Hood to 
tlie mark (t.5 ou the pipette. It is couveiiieut to rest the end 
of tile pijiett*) on the thumb as showu iu Fig. 3. It needs some 
practice to stop exactly at the mark, 
but if ive hapi)e]i to draw tlie blood 
up n lilt/f past the mark 0.5 no con- 
siderable error results, provided vt> 
draw the column dowu agiuu to tfae 
mark by tapping the point of the 
pil>Gtte on a towel, and provided also 
ttiat the iiDitrument is perfectly dean 
and dry. The aim and inlentioa, 
however, sliould always be to stop 
exactly at the mark U.Ji, and with a 
Ti..>ii.h Hbik BuL-fciog In lHHt, practice we can do it, excejit 
with nervous or deliritius patients, 
and those who carelessly move the hea<l jnst at the critical 
luoineiit. With such patients we usually have to content 
selves with drawiuK the blooil a little Ijeyoud the mark 
und then drawing it down agaiu to the mark s\a above 
8cril>e«l. 




r>il»ti>i-/ the lilomi 



(i) The bottle of solution to be used for diluting the blood 
should be ready uncorked at the bedside. Of the many solu- 
tions siiggest«d by various authors none is Ijetter than GMoen', 
the formula for which is as follows : 



0.5 



sulpha 



. ttr, 112 



ToisMou'a solution is also very useful and stains the whit4< 
corpUHclea so that they can l>e easily distinguished from the red. 
Its compoeitiou is aa follows: 

Methyl viulet. S 1)., l)2Qgiii. 

SoU. chlor. 1.000 " 

Sod. sulph 8.000 - 

Neutral glycerin ilO.OOOcm. 

Aqute ilnitUl lOU.OOOcm. 
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TVe must wait about ten tuiuutes uiter misiny beiore tlie leu- 
cocytes are fully Btained, Except for this delay, the onlj' diffi- 
culty of this solutiou is that it is rather diilicult to clean the 
pil»ette after usiuj^ it. If the white cells are counted with an- 
other pi|)ette the Btaining fluid can be as well dispensed with. 

Into a bottle of one of theao solutions, ready at the bedside, 
the point of the piiiette is to be plunged as soon as the blooti 
Ims Ijeen drawn Up to the point 0.5 and the outside of the pijwtte 
wij>ed clean of blood. Suction is then exerted through the 
rubber tube the Instant the point of the pipette is below the aur- 
fjw-e of the diluting solution. This suction is continued until 
the diluted blood has filled the bulb of the pipette and gone 
past it up to the point marked 101. It is not difficult to stop 
at this point, provided the pipette is perfectly clean and dry 
inside. Otherwise it is impossible. Should any mishap oe- 
cur at this point, the whole procass muat be begun over again 
after carefully cleaning and drying the pii>ett6. If no acci- 
dent happens and the mixture is sucked up to and not past the 
mark 1(U, we have diluted the blood with two himdred times 
ita bulk of neutral solution. If, instead of drawing the blood 
uii to the mark 0.5 we draw it as far as the point markeil 
1, and then dilute as above described, the mixture will be 
1 to 100, Some obse^^■era habitually use this dilution. The 
objections to it are : (1) That if the blootl is accidenhilly drawn 
up t(xi far {i.r., past the mark 1) we cauuot draw it down again 
but must i>aintully clean and dry out the pijiette (see below, 
p. 16) and rejwat the process. (2) If the blood contain ap- 
proximately the normal number of corpuscles, they will be so 
crowded wheu adjusted on the ruled surface of the disc A that 
it is more difficult to count them. If wo use another pijiette for 
le white corpuscles the dilution of 1 : 100 has no advantage to 
iterlpalance these drawbacks. 

While sacking in the diluting solution, it is well to roll 
pipette ou the long axis with tlie fingers of tlie hand which 
holtia it in the diluting Huid. This mixes the bloo>l instantly 
and i>reveut8 any of it from floating on the top of the solution 
Rud thereby coiniug up imdilnted into the narrow jjortion above 
the bulb of the pii)ette, where it might possibly escajte thor- 
<tnt;h mising. ' 

*Qtri* iiiiiKl be takrn tlint no saliva finrls its way thrnuKh the rubber 
the |)ipette. N«ver blow Ihroiigh tlie rubber tube. 
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Next we thoroUKlilj- mis the blood and (lilutiDK floiil 1 
sbuking ami rolliug the pipette, its euda being closed by tlie 
fiiiBere. The little glass l)»ill witliiu the bulb helps this prooess 
lujit^rially. A niiuute's brisk rolling aud shaking is as goad as 
five iniuuten', as I liave convinced myself by many exiierimeuts, 
and the distribution of the corpuscles throughout the ntixturo is 
very even, provided tliere ift no delay iu in'oceediiig to tb© next 
step, 'viz. : 

(c) Adjust iiiy a Drop of Diluted Bhod in the Counting Chamber. 
— Kemove the rubber tube from the pipette and V)k>w out the por- 
tion of diluting solution which last entered the pipette, and which 
conse<|uently has not been thoroughly mixed with tlio bhxxl ia 
the bulb. Five or six drojia should I»e blown out before any in 
Qseil tor examination. Next putnpon tli§ snrfiweof tlie coautc'r 
(A, Fig. 4) a drop of sucli size that when the cover-glaaa (B) 




IH let down over it the whole of the disc A is covered with \ 
drop without any Iteiug spilletl into the "moat" (C) around'n! 
Jnat how large such a drop should be can only bo learned by 
practice. It is not literally necess)ir,\' that exactly the whole 
disc A should l>e covered, i)rovided uiae-tentha of it is covered, 
but any B[iilling over into the "moat" (C) entails serious error. 

.4fter the cover-gkas \iiis been let down upon the drop, we 
should l>o able (provideil the whole instmiuent is clean) to see 
concentric rainbow rings >>etweeu the cover-gla«s and the body 
of the iustrunient. These are known as Newlon'a rings. A 
little pressure with a needle on the cover-ghiss will often bring 
them ont if they do not at once Appear, hut they must remain 
vigiUe. after tlie pressure is tidceu off. Otherwise we know thot 
there must be some dirt or dust under the oover-glasa prevent- 
ing its settling exactly into position, and this will cause error in 

' If w^ hAve to pause before goiag on to tbt next step, we must tab) 
care to roll nu<l sliiLke the pipette again when ready to proceed. 
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B count, tlioii(;li not a very cimsiilerable error in most casea. 
(To nee Newton's nnfin we Blimiltl get our eyes near to tlie level 
n( Um coantiuj!; chainl>er ao thjit the light from window or lanip 
is reflected from the aurfaee of the cover-nlaaa.) 

If the al)ove conditions are not all fulfilled the instrument 
should I>s washed and another drop triE-d, after shaking the 
])iliette and hlowiiin ont a few drops aa Iiefore. 

The cover-glass muHt be let down as soon as possible after 
the drop has t>een put on the disi; A. auJ before the corpuscles 
^ve time to settle. It is best to let it down with a ueedle as in 
Hog microBoopio specimeos. 

CwtnliiiQ. 

I (if) After waiting two or three minntes so that tlie cor]»ii8cles 
r settle thoroughly upon the space mled off im the ibac A, 




the counting is begun, using preferably an objective 5 of Leitz 
or D of Zeiss and a No, 1 or 2 eyepiece. 

The ruled space on the surfaifl of the counter (A, Fig, 5). 
IB divided into four huudi-ed sciuares, every group of sixteen 
wiuares beiny enclosed in double lines to make it easier to know 
how many squares we have counted (see Fig. 6), Including 
the sijuarea with double lines we have a group containing tliirty- 
yx araall squares, a group convenient to count at one time «.s it 

jet nhimt fills the field of the objective Leitz No. 5, or Zeiss D 
a a No. 2 eyepiece. 

I To avoid oonsideralile error we should count the corpuscles 
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in five fields of thirty -six sqnarea eacli, such as is shown in Fig. 
6, taking the fields in various parts of the whole ruled space. 
The instrument should then be washed' and the whole process 
repeated with a second drop. If the count of the second drop 
differs widely from that of the first, a third drop should be 
counted and the average taken of those two which are most 
nearly alike. Thus at least three hundred and sixty smaU 
squares should be coimted; with such a number the error is not 
over three per cent for practised observers.* In normal blood 
this means counting about 2,160 corpuscles, as six or seven to a 
small square is about the normal average when we are using a 
dilution of 1 : 200 such as has been described (twelve to fourteen 
cells per square in a dilution of 1 : 100). 

Among the difficulties encountered in counting is the pres* 
ence of a few corpuscles on or touching one or more of the lines 
bomiding the space to 
be counted. Shall we 
count these out or in? 

In counting, for in- 
stance, a field like that 
in Fig. 6, what are we 
to do with the cells 
which sit astride the 
lines AA, BB, etc. ? 

To get round this 
difficulty, it is best to 
make it a rale to count 
in all the corpnscles on * 
or touching some two of 
the boundary lines (e.<j., 
AA and BB) aud to fh 
take no notice of an;- 
cell on or touching the 
lines CO and DD. In this way tlie exclusions just balance the 
ineliisious. Of course all cell-s icilhla these outer Ixiuudary 
lines are to I>e counted whatever their position, 

' Use only water — alcohol dissolveB the cement which hohls tli" ruled 
(liac in place. 

'See Reinert'B "Zdlilung iler Blutkiirperchen. " Leipzig, IP91. \>. Wei 
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Beyond thi& the details must be settled by each man for him- 
self. My own habit is to count through the squares in the order 
indicated by the track of the serpentine arrow in the accompany- 
ing Fig. 7, and to count by twos or threes. 

A movable stage makes the counting easier, especially for be- 
ginners. Either natural or artificial light may be used, with a 
small aperture diaphragm, and if the instruments are clean and 
the diluting solution fresh and free from sediment,* there is no 
difficulty in deciding how many cells each square contains, and 
no extraneous fragments to be excluded. We must distinguish 
the white corpuscles from the red, not by their size but by their 
stain if Toisson's solution is used, otherwise by their i>eculiar 
shining look when the lens is drawn up so as to put the red 
cells slightly out of focus. The blood plates are not noticeable 
and lead to no errors. 

When the number of corpuscles in 360 squares has been 

counted the number is 
divided by 360 and multi- 
pUed by 800,000 (i.e., by 
200 to make up for dilu- 
tion and then by 4,000 
because each square is 
equivalent to itjVtt of a 
cubic millimetre), which 
gives us the number of 
corpuscles i^er cubic mil- 
limetre. 

These figures need not 
be committed to memory, 
for we have marked on 
the instruments used all 

Fio. 7.-Tha Arrow Indlcatee the Order in which the ^^^ ^^^ Uecessary for the 

Square* are Counted. Calculation, t.e., the dilu- 

tion figures on the pipette 
and the area and depth of a single square on the counting slide, 
(e) The importance of cleaning the pipette as soon as the 
counting is done is so great that it should bo reckoned as one of 
the regular steps on every count. First water, then alcohol, and 

> Most diluting eolutions precipitate or accumulate spores, and need to- 
be frequently renewed or filtered. 
2 
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lastly ether luust be sucketl iuUi the iiijiette luid bronght into 
contact with every part of tlio bulb anil tiil>e. After this air 
laatit be nucked or pumi>e(l thron^h the tiil>e iiiitil it is per- 
fectly dry and tlie glass ball will roll al»out freely in the biUb 
without sticking anywhere. 

These precautious take but two or three minutes, and if they 
are omitted and the blooil dries in the pifiette, it may t«ke 
several hoiu^' work to yet it clpau. Further, if it is not thor- 
imnhly tlric'l after cleaniuj!, the mixing of the hloo<l when it is 
used next cannot l»e done accurately. 

The first three steps of the alwve process (i.e., the obtain ing, 
diluting, and mixing of the blood) muat bo done as swiftlj as is 
compatible with accuracy, but when once the bloo<l is mixed in 
the ]iipotte it can 1)e kept there indefinitely and count«<l at 
leisure. None of the corpuscles are destroyed or lost, and if tlie 
bulb is thoroughly rolled and shaken np whenever we are ready 
to count the blood, no error results from keeping it twenty-fonr 
hours or more in Uie pipette. 

It is not necessary, therefore, to carry a microacoiw to the 
patient's house or bedside ; the pipette and the dilating solution 
are all that we need to take with ua, and when the bIcMjd is 
mixed in the pi]>ette, the latter's ends can be cIoshI with a 
rubber band and the Idood carried home and counted at leisure. 
The pipette should !» kept approximately horizontal dnriug the 
transit. ^^ 

COUNTINO THK WeiTE CORPUSCXES. ^^M 

To make a reasonably accurate count of white corpaaalai, 
using the " red ifiuuter" and the dilution of 1 : 100 or 1 : 200, we 
need to count an immense number of squares, far more than was 
neceaaary in estimating the red cells — in fact, at least ten tini«H 
the whole ruleil space. It is therefore far quicker and more no- 
curate to use the " white counter" or large-bore pipette with a 
diluting solution which renders the red cells invisible and leaves 
only tlie wliite to be counted. Such a solution is the one-third 
of one-per-ceut. solution of glacial acetic acid in water. VTith 
this the white corpuscles stand out very clearly and the red ran 
barely l>e se«n at nil. The technique is the same as that nlreatly 
do8criI)ed, with tlie following exceptions r 

1, The drop of blood needed is nearly three times as larg» 
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B that used in the "led counter;" it is alx>ut as big us can he 
made to atay on the ear without rolling off. 

2. The bore of the tube being large, it filla and empties 
more reitdily. Hence our eut-tiou must be gentler, and it is 
ratlier harder to stop esactly at the mark 11. For the same 
reason the diluted blood will run out of the pij>ette if the latter 
is not kept nearly horizoutjil, and the bottle of diluting solution 
should accordingly be tippeil np as we plunge in t)ie jxiint of 
tlie pipfitte, so that the latter is dei>reHSpd as little and for as 
short a time as jtossible l>efore suction l)egins, 

3. Inst^iil of counting separate fields of Ihirt.v-six squares 
each, we shunld count the whole ruled space and then rejjeat 
tlie jtroceas with a second drop. This takes never over fifteen 
minutes, often hot over five, and is very accurate, 

The advantages of this pipette are obvious. The only draw- 
batrks are itsex)>etise and the need of a somewhat deeper and 
more painful puncture to get blotxl enough for it. The tech- 
nique is not at all difficult. 

»0*unti,iij Both Bed and White (Mlft With the Same Pipette. 
We may avoid buying Imth large-bore and small-bore pipettes 
in '^ne of the following wajs: 

1 . We can count both reil and white ci)rpu8cle8 with the " red 
counter." 

^2. We can count both red and white corrmsclea with the 
hito counter." 
The reason why we cannot iise the " red counter" for count- 
ing white cells, unless modified in some way, is that in the 
whole ruled surface of the counting irhamber not more than three 
or four white corpuaslea are to Ite found iu normal blood when 
diluted two hundred times. If we dilute less, we cannot see the 
tiells distinctly Iwcause they are so crowded. If we find, say, 
three white corpuscles as the number to be used as a basis in 
culi-ulntiug the naml>er of white cells in a cubic millimetre, the 
chance of error is very great, the multii>lier being so large 
(•2,000) and the multiplicand so small (3). 

To get over tlua difficulty we may utili7,e the cells spread 
over the disc of th& cowitio^ chamheT outside the ruled space iu 
one of the following ways : 

Bi/ mewiitrliiij thejkhl of the (^ijevtive iiwl. The writer's 
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objet'tivi*. No. 5 of Leitz, has a field of > 



' nearly oue-4]aar> 



ter of a square millimetre or oue-quarter of the whole mled 
H|jace. Four fields of this len», takeu anywhere outside tlio 
mled space, therefore, coutain the sarae numbor of cells aa will 
cover tlie whole four huiidre<l siimll ruletl srjiiares, and when 
we liave countetl the white c«U9 in a spries of four fields of 
tliis lens, we have actrouiplished an much as if we have put ft 
fresh drop upon the countins chainlier and counted all the 
mled squares over a^aiu; the latter prm^eas is tedious, the 
former very quick. Thus it is my practice in some cases to 
proceed as follows (see Fiy. 8): Bupixisiug the lar^e circle 
CCCC to represent the surface of the small disc (A, Fig. 4.1 
iu the centre of the couudug chamber, and AAAA the ruled 
squares in the mid- ^ 

die of this disc, four 
microscopic fields 
are talceu in the di- 
rection away from 
the centre imlicjited 
by circles and ar- 
rows in the figure. 
Starting, say, t^i the ' 
right of the mled 
sijuares with the 
left edge of the mi- 
croscopic field just 
tonchiug the outer 
boundary line of the 
wiuarea, count all 
the white cells to be 
seen in the field. 
TheB move along to the right till the corpuacilea which were on 
the extreme right of the first field hare gone out of sight to the 
left. Your field is then in the position of the circle marked 
2 (Fig. 8). Count all the white cells in thi»< field and so on 
for four fielils. With ray objective, four such fiekla are almost 
exactly e<iual to the whole ruled space AAAA. With other ob- 
jectives of course tlie numljer of fieliU is different. 

Wlieu we have counted four fields in each of the four direc- 
tions indicated by the arrows we have covered aa much ground 
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if we liave pat foi 



J dro 



L the slide after tlie 



r a^ct^eBB^ve ( 
first oDe iind cnuiited all the ruled siiuarea in each, aud we have 
Baved much time niid Ialx)r. 

ill) Another aud better luetliod uf attaiuin^ thia same end ia 
a8 follows: Cut out of black cardboard a piece nf the Bhape 
bIiowii iu Fi(i;. aud of bul-Ii a. size that it will fit into the tube 
of the eyepiece — the square a]»ertur« 
iillDwiiig a space of just one-quarter of 
a millimetre (one hundred of the ruled 
B(|ii»resJ to l>6 seen through it nith a 
given objective (say Leitz No 5 I Foiii 
fields as seen through such iiu aiier 
tare can then be counted in laimuB 
partH nf the slide outside the rulet 
sjtace as explained above 

((■) For any one Iniutj where miciu- f,„,q_ 

lopic niliug on glass tan lie doue at a 

Cklerate cost, by far the best wa\ is to have the rest of the 
c A (Fi«. 5) ruled off an shown m Fiy 10. Leitz A Zeiss 
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f make to order in»trumeutM au ruled. I have not beeu able 
1 bear of any one iu America who could do such work at a 
derate ezijense. 
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(d) We may work out mathematicall.r what namber " 
8c]aarBS woiild be coutaiued on the whole disc were it all ruled 
like the ceutral iK^rtiun. This cau be done with the aid of m 
micrometer eye-piei'e und n mechauical stai^e. There is some 
TariatioQ in individual iuHtruments, but as a rule the disc ou/- 
«!<lr the oeutral ruled space haa an area of about two thousand 
of the small miuareB. 

2. We may use the " white «ouuter" for red cori>"«<'les in the 
followiui^ way : Suck up blond odIv to the first mark up from 
the point (i.e., one-fifth of the usual distance) and then Goweis' 
or Toisson's Kolutiuu up to the mark 11. This gi\'es a dilution 
of 1 : 100, and in aneemic cases, in which the cells are not very 
numerous, answers well. The same i>iijetie can then l>e care- 
fully cleaned and used fur counting white cells nith the acetic 
acid one-third per cent, and a dilution of 1 : 10 or 1 : 20. 

Wliatever methoil of counting white corpuscles is adopted, 
we ought to have at least oue hundred corpuscles actually 
counted to use aa the mnltiplicand of our computation. A aingh 
drop from the white counter with a dilution of 1:10 gives us 
normally about seventy wliite corpnuclea in the four hundred 
ruled spaces, and by repeating tlie process with a second drop 
the result may be made reasonably accurate. This was the 
methoi] a<lopted by Kieder' in the immense number of counts 
made by him. 

77, Diirliam'g Modified Ha^ioq/toincter. 

In the Edinburgh Medical Journal for October, 1897, Herbert 
E. Durham, of Cambridge, England, describes a self-filling 
capillary pijiett© which has considerable advantages over the 
ordinary Thoma-Zeiss iustrumeut. The account of Jhe de\-ice 
is here given in his own words. 

" The uppamtuH entails no new principle ; it is rather to be 
considered as an adaptation of a number of details, which to- 
gether seem Ui present some advantages. As in the Gowers' 
instrument, there is a separate caT'illary pipette for measuring 
the blood, oue for measuring the diluting fluid, a mixing vessel, 
and the counting chamber. A few words may be said about 
each of these. 

" Capillary Pipe tie. —There is an obnous advantage in the 

' " BtiitrAitexur Kenutoisa der Leucwy toais, " Leipzig, 1892 (Vogel). 
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B of a Belf- measuring jiii^tte. It cannot go wrong by acci- 
Dnrham baa availed bimself of tbe pijtettos intrndaced 
I>r. Oliver, namely, email pieces of thick-walled capillary 
— S and 10 c.mm. iu capacity. These are cjireiully reoali- 
rated by tlie makers of Dr. Oliver's instrument — The Tinto- 
leter Compauy. 

" There is, moreover, another important adrantage attaching 

I Dr. Oliver's pipette; this consists in the readiness vritii 

liich it may he cleansed. As he has described, all that is 

soessary is to pass a piece of darning cotton by means of a 

needle througti the bore of the pipette. All the adherent serujn, 

etc., is completely removed thereby. Durham generally wets the 

end of thecotion with ether, but this is not absolutely necessary. 

Iu passing the needle, it is better to pass it into the pointed 

end, in case it is not withdrawn perfectly axially, when there is 

b liability to chip the thinner unsupported glass. 

" Any one who has worked much with the Thoma-Zeiss 

lllH'tt«> will know hfiw troublesome it is to clean, esjiecially 

men a numljer of observations have to be made in a limited 

Unless it is rre(iiiently cleaned out with strong acid, 

lere is a tendency for the deposition of sticky serum remains 

ich interfere with true readings. 

"For use, Dr. Oliver's pipettes are mounted by means of a 



.D at Durhiun'B Aulnmatla Blood l^petto. T. OUw tube (like tb&t of 
I medJplnojiropprr): -V, rubber nipple (like that of mcdlcltiB-clroppar) ; p. |iarto™iloii 
n Uis Dlpple; r. Cork bolder, iwrtorated bj caplllarr pliielre. 

small cork (r) in a large glass tul»e {T), which is provided with a 

rubber nipple (.A'J, having a lateral perforation ip) (Fig- 11). 

" The mixiiiij veaael consists of a small test tube ('2f x f s in. 

r 1 CO., or 2f Xf in. for i c.c). Several such tulles may be 

Ipti BO that a number of observations can be made if necessary. 

■ thoroughly mixing the bloml and diluting fluid, one or 

»re small glass globules are placed in the tube. By using 

fferent colored glass globules, different specimens can be 

t' difl'erentiated. 
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"For meanitring the dilutiug fluid, pipettes coutalniag 1 and 
i c.c. are used; tliese are marked at 905 and 9iK) i^.iuui. aad 495 
aad490c.mm. reapuftivGly. "Witli tbeaegradiiatioDS the foUow- 
ing dilutiiJOB may be obtained : 1 : 200, 1 : 100, and 1 : 50, with 
the approjiriate (jajiillary jiiiiette. 

" Having meHuared the diluting fluid, according to the event- 
ual dilution desired, the hlood capillary ia filled by touohijig the 
exuding drop of blooil and allowing it to completely fill itself. 
The bltHid may be obtained in the unual manner from the hibule 
of the ear, the first driti>B being wii>ed away. 

" The hole in the nipple allows free air-way so that there is uo 
hindrance to the action of capillarity. When tilled, any blomi 
on tlie outside of the jupette is rapidly wijwd off and the tube 
is inserted into the miser until the jioint is oue-half in three- 
fourths of an inch above the level of the coutaiuetl liipiid. 

" The nipple is tht^u held in such a way that the hole lies 
uuder the thumb of the operator. WTjen this ia the case it is 
slightly s4ueeK^l, and then, while the pi-ussure is continued, the 
bulb is rotat«Hl so that the hole is free again. In this way the 
IiIoin! is 8cjuirt«d out, but not sucked back agaiu. The pro- 
cedure is extremely simple and really refiuirea no practice, 
given an operator who is not possessed of 'five thuml»8.' In 
()r(Ier to wash out the remains of the bl(Mxl the jHiiut of the 
capillary is dropjied into the dilutiug fluid ; the bore iuaUuitly 
fills itself. It is then withdrawn and the pressure and rotation 
of the nipple are repeated. This lias to l« repcate«I several 
times, and occupies a few seconds of time. It has betin sug- 
gested that a certain amount of error is introduced by measur- 
ing the dilutiug fitiid in a piijette, the inner surface of which 
retains some moisture ^ this is e?ctremely small in amount if the 
pijiette is emptied slowly, and comparative readings mtli the 
Thoma-Zeiss apparatus show that tlie error is negligible. 

■■ To mix the blood and diUiting fluid thoroughly, the mixer is 
placixl between the opiH«ed hands, which are rubbed backward 
and forward; the mixer is rotatefl thereby, and the glass 
globules uiuse a thorough disi>ersiou of the corpueclee in the 
fluid. 

" .\ drop of sufficient size is then placed uix>d the countiI^{ 
chamber, and tlie cover-slip is slipi)ed on sideways iu the usual 
way I prefer the Thoma-Zeiss counting chamber. 
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** The advantages of this method are : 

"1. The ease and thoroughness with which the pipette can 
be cleaned. 

** 2. The manifest advantage of the self-measurement of the 
blood. 

" 3. The avoidance of the objectionable necessity of using the 
moutli to suck fluids into the xnpette. 

" 4. The measurement of the diluent can be done carefully 
and calmly beforehand, and any error corrected without taking 
any more blood. 

**5. Tlie greatly smaller cost of the pipette. 

"6. The same pipette is useful for making various dilutions 
in serum diagnosis, by using several mixing vessels filled before- 
hand with dilute fluid." 
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Olivek'h Tintometkb, 



Rkcknti.v a method of estimatiuy corpuBclea by means of 
their optical effect, aud without directly coiiDtiny tlieui, has 
been iutriKiaced by Ur. Oliver, For practical purixMee aa 
actual couutiug of the corpuscles must be cousidered a oeoM- 
sity ; not only Hiuce the number of leucocytes is not witlioat ini^ 
I)ortance (e.g., in the dia^ositi of enteric fever), but also since 
these cells may be so abundant that they may interfere with tlu) 
ose of optical methods, as iu tlie case of leukaemia. Neverthe- 
less the instrument is very accurate and useful iu many cases. 
Ita iiriaciple is based on the factthat if a smallquantity of blood 
is gradually diluted with Huyem's solution' iu a test tube 
whose sides are flattened so that its mouth forma a rectangle 
about 15 mm. by 5 mm., and a caudle flame is looked at throujjh 
the mixture, tliere is to be seen, u-litn a certain degree of dilution 
is rfichrd, a briglit hnrizoutal line ou the glass (see Fig. 15). 
Ihis line is made up of a large uumber of minute images of tlis 
flame, produced by the lougitudiual striutiou of the glass. If 
the (luantity and quality of blood used is iu every instance the 
same, the degree of o|)a(':ity deiH^nds wlioll\' on the amoaot of 
Hayem's soluti<m added. It is found that with normal blood 
the amount of diluting solution necessary to allow the image of 
the candle flame to be seen through the mixture is always the 

' Hydrargyri perchloridi 0.0 g 

Sodii chloridi 1.0 

" sulphatia, B.0 

Aquw destillBttt 800.0 c.« 
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I, and can be verj- accurately fixed, so that a variation of 

line fjer cent iu tbe nmabei- of corpuscles cau Iw (listiiigiiished 

by iiotiug the amoiiut fif tlilntiug sohitioii whicli must be added 

^ before tlie image of the flame appeal's. Tc» 

'■ ' W ^- ■ collect tlie blood, Oliver uses a ca])illaij' 

y pilK-tte coDtaiuiiig about 10 c.tnru. (oue large 

^^1 n drop), aod used exactly iu the same way as th& 

^^1 X V. Fleiscbl capillarv pi]>ette 

^B J (see Fig. 12). 

^^^^^fl One pipette full of uovmal 

^^^^^B blood is giadually diluted in 

^^^^^^ the flattened tube with Hay- 

"*■"' ~ ■'" em's solution until a bright 

' horizontal line cuiwed hy tbe 

image of candle flame Wcomes 

nsible througb tbe mixture. The point to 

which the column of the mixture flieii reachee 

in miirked 100, and then space between that 

point and the bottom of tbe tulie is divided 

into lOO e<£ual parts. Tbe point marked 100 

in then e(|uivalent to 5,000,000 red corpuscles; 

90 = 4,500,000, 80 = 4,000,000, and so oii, each 

dti^jTee on the scale corresponding to a differeuce 

erf 50,000 corpuscles (rig. 13). 



I'se <.f <>/!t^cf'n Tinlfoiivta: 



Tlie . 



apillary pi|)ette is filled in the usual 
way, and the outside carefully and quickly 
wipetl if necessary. The medicine dropi>er 
(preii-iottsly filled with Hayem solution) is then 
eounected with the polished \ilunt end of the 
pijwtte by meaus of the nibber tube (Fig. 14), 
and blood washed into tbe test tube as shown 
in Fig. 14. If the previous hiemoglobiu esti- 
inatioQ has shown ninety to one hundred per 
oput of coloring matter we can safely add the 
«Ulutiug solution rai>idl\' until the i<oint marked 80 is reached. 
If the coloring matter is lower we must cease onr rapid 
^iloHon correspondingly sooner. When we get near the point 
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lo. 13.— MMaurinjt 
Tube tor OllTer'B 
Tintmneter. 
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at which the flame-image is likely to appear, the diluting 
fluid must be added a few drops at a time. After each ad- 
dition put the thumb over the mouth of the tube and turn it 
upside down once or twice to mix the blood thoroughly, wiping 





Fio. 14. — ^Use of Oliver^s Tintometer. Method of washing In 

the blood. 



FiQ. 15.— Method of 
Holding the Tinto- 
meter while Diluting. 
Note the bright hOTi- 
zontal line in the 
fluid, indicating that 
enough diluting fluid 
has been added. 



the thumb each time on the edge of the tube so as to put back 
what fluid has adhered to it. At a certain point the image 
will suddenly become visible. It is seen soonest if we rotate 
the tube on its long axis, as the image becomes visible earliest 
at the sides of the tube. The whole i)rocess should be carried 
on in a perfectly dark room, and the diffused light of the candle 
must l)e shut off from the eye. This is best done by fitting the 
tube into the hand as shown in Fig. 15 with the long axis in 
line with candle, holding the tul>e close to the eye, and standing 
about ten feet from the candle. In the use of both of his in- 
struments Oliver uses only the small wax candle known as 
Christmas candles, whose flame is of the most convenient 
size. 



CEKTRIFUGALIZIXG THE BLOOD, 



The H.EMAT0CB1T. 

fThe Lsematocrit of Hfdiii, tliou^h a compiirativelj new in- 
it;ut, has uDclergone i-oiisiderable motliiicattoo aud impr«ve- 
fDt in the last few years aud au remudelled aud improved by 
JadsoD Dalaud is now coming iuto use iu tkiB country. Its 
direct and obvious object is simply to ascertain the relative 
volume or mass of the corpuscle^s and of the plasma iu a drop of 
blcxid; but the hope of its advocates has usually l>een that it 
would 8Ui>plaut entirely or mostly the loug, tedious, and eye- 
destroyiug process of counting witli the Thoma-Zeiss iDstnimeut. 
Whereas the latter needs sometimes an hour's hard work aud 
eye strain to make an accurate count of red c«lle, witli Daland's 

KtrifuKal machine one can get the result in five minutes with- 
any strain ou the eyes. 
Dalnnd maintains the superior accuracy ot his instrument in 
rt cases as a further advantage of its use. Tlie estimation 
of corpust^les depends on the length of the column of corpuscles 
packed down by centrifugal force at the end of a capillary tuba 
fillt'd with blood and whirled with great rapidity in a horizontal 
plane. The more corpuscles the longer the column. 

Wherever there is much variation in the shape or size of the 
cells, as in many forms of ansemia, lenknemia, etc., the liieroatocrit 
is evidently inaccurate, inasmuch as the misshajien, undei-- or 
nversi7.ed corpuscle will pack down differently from the normal 
cpIIx, three million undersized cells making a shorter column in 
the tutie than three million healthy ones. This is recognized 
by the advocates of the instrument, which is accordingly recom- 
mended only iu those cases in which we know that there are no 
considenible variations in the size or shape of the red cells. 
These are usualli' cases in which no very great amemia is pres- 
ent and iu which consetiuentlj- the labor of counting the large 
umulMir of corpuscles ia greatest. It seems, therefore, as if the 
hieuiatocrit might relieve us of the most irksome part of blood- 
couutiu({ without loss of accuracy. 

Against this there is to be said that we do not as yet 
know bow far the elasticity and compressibility of otherwise 



30 CLINICAL BLOOI) EXAMINATIoK. 

healtLy <;on>UHclen niiiy vnry nuil Imw fur micli a. variation maj 
invalidate the standard of tiyht packing estaljliBlied from other 
cases. Further, there ia known to be a certain amount of varia- 
tiouintheBizeand volume of a healthy person's corpuscles, both 
between nations and between niemlwrs of one nation, and it is 
yet to I>6 aliown whether this variation is sufficient to niake the 
result o[ the ha^matocrit liable to a greater error than thoso of 



16.— CaiilJlury Tube or lismalnc: 
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the Thoma-Zeiss instrument. There is no doubt that tlie Ut- 
ier is a slower, more tedious instrmuent; the question is still 
open ■whether or not it i» the more accurate. Diilaud reports 
wide variations between his country and those of his cnlleagnn 
and between different counts by on© observer at different times, 
usiug the Thoma-Zeiss instrument, while with the hiematocrit 
iho variations are but slight. 

In testing these results I have made parallel counts of u pa- 
tieut's blo4xl with several of the house physicians at the Maasa- 
chusetts General Hospital during the last two years and oar 
differences have never esceetle*^! the limit of error laid down by 
Heinert — namely, two per ceut. I think Dalaud moat have 
been mifortuuate in his results. 

If, then, the error of the Thoma-Zeiss instrument is, «b I 
believe, not over two x>er ceut under ordinary circumstances and 
with currect technique, it does not seem likely that the hrantfr- 
tocrit is a more accurate as well as a simpler and quicker in- 
stroment. 

To tise the Dalaud ha'malocrit we prick the ear as usual and 
with the help of a bit of rubl>er tulie attached to one end of the 
capillary tube (Fig.Ki) suck in enough blood to fill it entirelr. 
Usually we draw iu more than enough aud it enters the rubber 
tube as well, but this is no liarm. It ia nearly impossible to fill 
the glass tnlie exactly and no more, inasmuch as the proxinwl 
«nd of it is hidden inside the rubber tube. The commoneck 
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mistake at this jjoiut is uicomitlE^tij Ulliug of the uupillury tnbe, 
a« u very large dro)> ir« ueeiletl to (In it. 

As 800U an it is fiill, put tbe iiDger i^eii^fd with vaseline) 




FW. 17r—IMlild's RmiMocriL Tim cmpllltry luboi lo place on tin horixonul whiriiDf 



ThcliiiiruniBii:l*'Q befBaIlT>H totheeJici" of ■cmir boUI and bulky |ilw? 
(untlnireby umnBof the thumb- icn-w wen al the bollom o[ OiecuL U uol > 
UffbUj Kcund, li tUI work loow wben (be huidjtf in revolved npldl;. 



tiKlitly over the fi-ee eud of tlie glaiis tul>e nud then, but not fiU 
then, draw- off the rubber tul>e ami udjust the gla»H &s quickly 
an poMsible in the pim'e iirepare^.! fur it nu uoe o( tiie horizonbil 
arms of the whir liD|.; matrhine (Fig. 57 j. Asimihir tube (empty) 
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should l>e jmt on tbe other arm of the croaspiefe to make th» 
halance true. Wq must be ({iiick about this, else the blood will 
coagulate. The haQille of the iuutriiment is then revolved at 
least seventy tiraea a minute for two miiiut«», at the end of 
which time (sometimes less) the column of blooil cells is packed 
so tight that no further whirUug has any effect on its length. 
Great care should lie taken that the horizontal l>eam is securely 
attached to the main part of the tti»trument, as it is cai>able 
of doing Beriou^( damage tihoukl it come off while whirling 
nine thousand revolutions a minute, which is the rata osoally 
attained. 

It is well to put a little vaseline on the point where the blunt 
end of the tube rests {a. Fig. 17) to prevent any of the blood 
uticking there when we come to take the tube out and reud it. 

The capillary tube is marked off into one hundred equal 
divisions and provided with a magnifier like that on clinical 
thermometers. Laid on a piece of white paper it is easy to read 
off the uumlier of divisions occupied by the blood column, al- 
though the end of it is oft«n frayed or bevelled iu a way that 
precludes great accuracy. In uormal bloo<I the white eorpusclee 
hardly show at all in the tube. Tliey accumulate at the free 
end of tile column of red cells, but unless a leucocytosis it 
present their presence in indicateil, if at all, only by a slight 
grayish blur at the oud of the red column and cannot be lu^ni' 
rately measured. This blur is another difficulty in the way til 
deciding precisely where the end of the red-cell column is. 

To estimate the number of red corpuscles from the length of 
the columu, we call each degree of the scale on the tube 100,000 
cells, or a little more. Thus if the blood column in the tube 
ends ut about the mark 50 we consider that the blooil has rather 
more thau 5,000,000 red corpuscles per cubic millimetre. So 
fur all observers aRree on the figures, but as to just how much 
more or le-sa than 100,000 each degree on the scale is worth them 
is some variation between different observers. Daland,' in a long 
series of comparative observations of making blood counts and 
hsematocrit estimations on the same cose, conclude that each 
degree of the scale on the capillary tube correeponds to 99,390 
corpuscles. 

'Universily Med. Mug., November, 1 
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The writer in a series of forty observations on healthy 
I)er8ons, in each of which a count of corpuscles with the Thoma- 
24eiss instrument and a volumetric estimation with Daland's 
hsematocrit was made, found the value of one degree on the glass 
scale to vary between 105,000 and 123,000 red corpuscles, the 
average being 112,000. 

It certainly seems a prioH as if variations in the si)ecific 
gravity of the corpuscles or in the properties of the plasma 
might make a considerable difference in the number of revolu- 
tions needed to reduce the column of corpuscles to its smallest 
size. 

So far as I can learn, the use of this instrument in Europe 
has been chiefly for the direct information it affords as to the 
volume of the red cells and the amount of respiratory surface in 
the blood, rather than for the indirect information it may give 
ns as to the number of the red cells. It does not seem as yet to 
be sux^planting the Thoma-Zeiss counter. 

Its bulk and the noise it makes must for the present, I think, 
prevent its extensive use outside of hospitals. The noise it 
makes is a very loud and disagreeable one, and will deter many 
from using it in private practice. 

HAEMOGLOBIN ESTIMATION, 

I. Vou FleischVs Hamwglobin(nneter. 

Until recently the instrument most used both here and in 
Europe is that of v. Fleischl, In France Hay em rules supreme 
in the matter of instruments, as in everything else concerning 
the blood, and in England Oliver's apparatus is used to a cer- 
tain extent. The v. Fleischl instrument will be described first. 
The i)rinciple of its use is that of directly comparing the tint of 
the blood with various parts of a strip of colored glass (" (jold" 
purpur") whose color shades gradually from a deep red at one 
end to clear glass at the other. The glass and the blood are 
brought l^fore the eye side by side and a direct color judgment- 
is attempted. 
3 
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Um <jf r. FUixrhi'a Jliviiioimier. 

(it) To utw the instnimeut £11 one aide ui the nietallio c 
FiK- 19) iiViout oiie-fiiiarter full of distilled water aud carry it 
ti> the liedwide, tt)yHther witli the little capilliury pipette (B, Fig. 

18) iiuj the ueedle for iiiuicturing. The capillary iiii>ettv 
miwt be sciupuloiiBly cleaued aud dried beiore 
use. This is best dniie by drawing a noodle 
aud thrt^ad (the latter vet with alcohol aud 

J^ ether) through tJie eye of the capillary tulte. 
"When the drop oE blotwl is flowing freely from 
the car, put the eud of the little pipette hoii- 
zontully into the side of the drop, which will 
"~ at fiiit'e fill the tube by capillary attnictiim if 
- the latter is clean aud dry. Carefully but 
fri quickly wipe awuy any blood that way be on 
!^ the outside of the pi[>ette, aud luake aura that 
the blixwl iu it ia just flush witli the sarfara 
at each end and docs not present a concave 
»s,« DV fimvox Burfiico. Tli<m put it iuto the water 

Flo. i».—A, c<^iiwd contaiuud in one of the i>artitioiis of the lui-tnt- 
e1«*: b. cpiiurjr \if, (.gU ^,ij rattle it quit-kly back aud forth, 
so that the water may be forced iu &r>it at 
one end and then at the other. So far iu the process we most 
work very qaick to iirevent coagulatiou which in Bome cases 
takua place vtTV rapidly. 

(>•) After this the cell with the capillary tube still immeised 
in it may be put in place on the body ijf the instmui'nt (see Fig. 

19) aud carried to a room or closet where daylight can ba ex- 
cluded and artificial light used to read the inetnimi-ut by. Then 
the Gspolsion of the blood from the capillary tube may be com- 
ploted by forcing a ff w drops of water fi-om a luediciue i,lropp«r 
through the capillary pipotto and into the coTri|)artinunt when 
the nii\iug has been Iwgun. Vaiug the metal htitidle of &» 
pipette as a stincr, mix very thoroughly the blood and water 
in every part of the compartment, looking after tlie comen 
especially. Then using' a medicine dropper, fill l>oth com- 
partmeuts of the cell to tlie brim with distilled water, taking 
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fNirtment cnntaiDin^ the clear water so that it comes over tlie 
slip of cnlor«(l f;'"*"*! while through the coiupartraeDt containing 
llie blood light thrown upwaril by tlie reflector below passes 
(lirectlj- to the eyo. Turn the thumb screw (see Fig. 19, T) back 
ami forth nntil the color of the glatiS is the anme as that of the 
Mood, and read off the nmubcr i<n tlio scale which corresponds 




that color. This gives the ]>ercentage of liiemoglobin, 

100 Iwiug til© color of normal blooil for men and 80-90 for 
women, 

(r) AltUckittff the colvrs is not at all easy at best, but may be 
somewhat aided by observing the following j)recautions : 

1. iJonot eiand (or mt) fiiciiiij the liijht, but siiieways {i.e., at 
A or B, never atC, Fig. 20). For we wish to avoid that the 
imago of one compartment nhould come on the upper half of the 
retina and of the other compartment on the lower halt, inusmuch 
as the upi*er half of thu retina is less sensitive to light than the 
lower and so a less accurate judge of color. By sitting as in 
Fig. 13, A or B. we pet the compartments whose colors we 
are to match, on the rinht and left halves of the retina, which 
Arw wiiuill.v sensitive in most i>crsons. 
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2. Use as little light fW puntiHik; nuil Always leas liglit IotT 
blood having a low liffimoglobin iwn^iitage than for one neanr 
the normal. Slight color (liBtinctious are abolished it there is 
any more light thau in necpsaavy ior Hiinple illiiminatirm; too 
much li^rht dazzles na 
nlightly aiid so makes » 
leus sensitive in color dis- 
mmi nation. 

3. Hull up a piece of 
ifiajwr {i')ifafihly hlark) into 
a lube of such siiie that it 

Q will fit over the luntalUo 
-D cell (D, Fig. 20) and rest on 
the platform of the iustm- 
lueiit, Lwikiiii) through Ihu 
with one eve we ciio jodgn 
more accurately thau witli- 
out it. Keep the other ejA 
J. closed. 

4. Use Jirat one ey^ and 
wiiinpJKo. ^^^^^ ^i^g otha; and never 

liKik more than a ffw neconda at a time, as tlie eye verj- qnicUf 
gets sufficiently fatigued to lose its finer HeiiHibility. Henoa tba 
impression of a first glance is better tliim a long look. 

6. Move the thumb screw with short, quirk ttirna rather Hum 
thwhj and rp-adaaUi/, for sudden color changes affect the retiiu 
more than gradual ones. Snpiiose, for esamitle, we have ({otw 
far as to decide that the tint of the diluted blood correapotitb to 
that of glass somewhere between the numliera 40 and 60 on tlie 
flcale. Move the screw suddenly from 40 to 55; the shock <d 
the change will probably convince you that the blood color is 
lighter than 55. Therefore start this time at 55 and move it 
suddenly to, say, 45, which may show that 45 is too li);lit 
Thus by a series of quick movements of the screw getting 
shorter and shorter each time (with frequent rests for the eyes) 
we can probably get it down to a matter of doubt between, wiy. 
42 and 45. Beyond that few persons can go and many can nam 
learn to read without an error of five to ten i)er cent. 
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the preliminary rending shows a reading of tLirty per 
cent (jr lees, two or three pijwttes full of blood should be used 
and the reading divided by '2 or 3. A considerable error can 
ms be avoided. 



XecensaiT/ Errors. 

So far OR I cau »ee, a c^ertaiu amount of error is absolutely 
neeeBHary, inasmuch as the bit of colored glass to be seen at any 
one time through the a^K^rture of the instrument is not (like the 
blood) allof one tint, hwivacXaAea nvar'intion of iwetily jieri^'iil in 
ooior, i.e., if the glass ai>pearing at one end of the ajiertiire is 
opposite 50 on the scale, tliat seen at the other end of the aper- 
ture will eitlier be at 30 or at 70. We have, tliei-efore, to pick out 
aa well as we cau the color of the a.-iifre of the bit of gla.ss show- 
ing through the cell and conijiare the color at that point with 
tho color which is evenly distributed thi-oughout the whole of 
the bl(w>d-and- water co in par tin en t. Thi« is of courae, stiictly 
Bpeaking, impossible. We can no more get hold of and sepa- 
ratrt out the cnlnr of that central point than wo can seize and hold 
faiit the ]>reseut moment. It eludes onr gntep. This difficulty 
iH somewhat lessened br shutting off from 
view all hut a small section of both compart- 
meutd with a bit of blaek cardl>nard or metal 
in which a slit is cut as in Fig. 21. The 
slit is ]iut at right angles to the partition 
which divides the cell uo that the blood tint 
is aeen at b and the glass tint at tr. 

Many ]>er8onH are nut sensitive enough 
to colore to attain any reasonable degree of 
aocnracy witli the instrument, and there is 
moreover a very considerable diffei-ence l>e- fiq. si.-shr»id for 
tween different instruments in res|>ect to the uw"-i'n v. fipIbOiib 
color of the giaaa slip. ' Finally the inatni- 
meut has been shown to l>e entirely unreliable for jiercentages 
o{ h«:<m<^lobiu under 20. This error, however, can I>e mostly 
eliminated by using several pii>ettea-full of blood and making 
corresiKmdiug reduction in the reading. 

All these difficulties render the instrument an unsatisfactory 

I loner than Ihoae recently iiiainifBcluied 



. This difficulty 
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one in many ways. Its biilk aiu\ oxp^Lsc are also considerab] 
tlrawbacks. 
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i which are inherent 



OUver'a instrument corrects two e 
in V. Fleiaclil's. 

1. It has no sliding scale ot color, bat compares the blood 
tint successively ivitli definite tints of kI'isb, each of whicli ta 
even. The tints are worked out to correspond to the specific 
tlilutiou curve of blood, for : 

2, Since every colored liquid changes color at a different 
rat© when diluted, the dilution curve of bloo<I does not corre- 
spond to that i)f ^lass (which behaves iii this respect like a 
liqnid). The glass weilge of v. Fleischl's instrument repre- 
sents a single color regularly diluted and dix>8 not correopmid 
in its decrees to the colors of blood dJIut'^d at & similar rate. 
The scale of Dr. Oliver's instrument is measured to correspond 
to the actual colors of the blood's dilution curve, by meauB of 
the tintometer. 

In other respects the principle of the instrument ia like 
V. Fleiachl's, and the method of using the tn-o is practically the 
same except that in Oliver's reUected light is used instead of 
transmitted light. Oliver's instrument consists of a series of 
twelve tiuteil glass discs corres ponding to the hu-moglobin per- 
centages from 10 Uy 120 and arranged in two rows (see Fig. 22a). 
The iutormediate degrees are measured by means of " riders" of 
colored glass, which can be laid on top of the primary color 
(Uses so lis to deepen the tint seen. 

Tlie capillftry pijiette (Fig. 22 b) is somewhat stouter than v. 
Floischl's, but is used in tlie same way to collect the blood, 
which is then forced out of it with water from a medicine drop- 
IMT (which is litted with a rubl>er tube Ut slip over the blunt end 
of the pipette) (Fig. 22 r) and washed into a mixing cell (Fig. 
22 (0 similar to v. Fleischl's, except for the absence of a ceutml 
[inrtition. Hero the blood is mixed in the usual way with water 
and the cell filled to the brim and covered with a small glass 
plate. The blood thus prepared is brought close to the ecal* 
and there compared with the tint of tlie different standArd cnlor 
tUscs. If it matches one of them the observation is complete; 
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if not we nse one of the ylass riders whicli euablen U8 to read 
■witluD two and a half degreee. A fuller set i>l' riders can be 
obtained so as to make it [iDSsible to rend down to 1 per csnt. 
The staDdard is usually arranged for candle-liubt, but 
ither Bet of disca can be obtained adjusted to duylight reiul- 




ings. Tbe latter are less accurate. The same precantinus us to 
tiip i^xdusiiiu of outer light by means of a " bydroecope" tube. 
resting the eye fre<|ueutly, etc., most V>r obsened with tliia 
latnuueut as with v. Fleischl'a. [It can be obtained of J. H. 
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Smith & Cie., Zurich (WoUisliofen}, for 115 franca plus dtl^ 
and Gspressiv^e, ur of the Tintometer Compaiiy, G Farrinfldon 
Avenue, London, E, C] The ciindle Bhould be phwed three or 
four iuches from the iuRtrumont and arraURod to light both the 
blood and the color dlsca alike. 

A word as tti the use of the ridera. TIjb instrument as used 
(or otinical work usually has two riders; the one having tho 
deejier tint is used on the ui)t>er half o{ the scale, the other oo 
tliB lower. SuppoBe we have decided that the blotxl color a 
between 00 and 70. Put the rider on the fiO dine and coiniiara 
H^aiu. If the bloiwl is darker than the 60 disc plus the rider 
the percentage is ni>pro]timately 67* (siuee it is higher than 
60+O Ithe rider] and lower than 70). If it just matches the 
60 plus its rider, the reading is 65. If the bloinl is jialer than 
this, yet darkerthan 60, it is uboutG2i. An error of about '2 de- 
grees is obWoiialy inevitable. 

EsTlKATISn THE SPECIFIC GbA^TTV OF THE BLOOD. 

The simplest and must available method for clinical use is 
that of Hamiiierschlag, ' a modification of R^iy's" methiHl. 
Chloroform is heavier than blood; benzol is lifjhter. Mix in a 
urinoiueter ^lass such quantities of the two that the specific 
gravity taken by au ordinary urinometer is about 1059, i.e., that 
of uormal blood. Puncture the ear, draw a drop of blood into 
the tube of a Thoma-Zeiss pijwtte, a small medicine dropper, or 
any other capillary tnhe, and blow it out again into the chloro- 
form-l)enzDl mixture. The blood iluen not mix at all vnlh the^e 
li<|nids bnt floats like a reil Itead. If it siiika to the bottom add 
ohloroform. if it rises to the top add Iwuzol, until finally tho 
(Irop remains stationary in the body of the liiiuid, showing that 
its siiecitic gravity is just that of the anrrouuiUng mixture. 
Then take the specific gravity of the litiuid, as we do of nriae, 
and you have the 8t>ecific gravity of the drop that fioated in it. 
The following precautions are needed: 

1. Have the inside of the nrinometer glass i>erfei'tly dry anil 
I'leau; oUierwise the drop of lilood may cling to it and flatt 
out agfiinst it. 

'Wieo. klfn. ■Woolienechrift, iii.. 1,018. IHOO. 
>ProceediDgB of Physiological Society. 1884. 




SPKCIKlr liHAVITY. 41 

3. It i8 UHimlly well to Iiuvh more thaii one droi> of blood iu 
the glass iu ease any miHliup <k.-cui's with the first one, 

3. Add the cliloroform and btiuz(jl ii few ilroiis at a time, and 
after euoli oclditiou stir the whole misturo thoroughly with a 
l^lasH rod. 

4. If we have reaHou to suppoue the blood will l»e lighter 
than normal {i.e., if the hioraoglobin is probably low, viik aiijjfu) , 
it saves time to start with a lighter mixture of chloroform and 
benzol. 

5. Avoid having any air within the blood droj). This can 
j-enerallj- be seen either in the capillary tube or after the drop 
is in the mistnre. It is safer to take the midiJle porlion of the 
hinod drawn into the t-apillary tube, as Iwth the first and the 
liiHt portions of the column are morFi a]>t to have air iu them. 

C, The whole process should be dime as quickly aa possible, 
else the chloroform or benzol may work into the blood drop and 
affect its weight. 

It is better to have a urinometer with a scale running a.s high 
SH 1070, but this is not essential, tor the clinically important 
8|>ei.^ific gravities are Imv, not high. 

Tiie impoi-lauce of the specific gravity of the blood, as hinted 
above, is not so much for itself, but l>ecause it runs parallel to 
tlie percentage of haemoglobin and gives a figure from which the 
latter can be computed. 

The specific gravity of the blood plasma varies very little 
(except in dropnj/ from any cause), and iu the corpuscles thera- 
Belres the variable element is the hemoglobin. ' Consequently 
in most non-tiro ptiical patients the specific gravity of the whole 
blood varies directlj' as the hiemoglobiu. The following escej)- 
tious to this rule must Ije borue in iniud. 

tl. Iu leukaemia the specific gravity is relatively higher tliau 
liiemoglobiu on account of the weight of the leucocytes. 
2. Iu pernicious anit^mia with high color iudes (Hee below) 
hiemoglobiu in about two iier cent higher than we should 
gauge it to be judging by the S|)ecific gravity. 

Now, as it is tar easier to take the sjwcific gravity accurately 

than til u«e the v. Fleischl hiemoraeter, and as the inBtnimeuta 

needed are alieady iu the {losseasion of most phyaiciaua aud 

' Excejil in dropsy in which the corpuKles theniaelvee may get water- 
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the aolatioiiB not pspeiisive, tbere are evidently ^reat otlviiDtfl 
ill tokiDg the liiemoglohin in tbia indirect waj-. The chloroform- 
benzol mixture can l>e filtered and tlien used over again indefi- 
nitely, and the bulk and wei^'bt nf the uriuometer with itn gLaxs 
and the cbloro£orra and benzol bottlew, are far lees than that of 
the hfenjonlobinometer. 

Li dro[>Bical cjikhh we mast Htill use the hfemnKlobinoia- 
eter. lu other conditions 1 do not see wb,\ it should not be 
supplanted by tbe cheaper, easier, more accurate, and e<|ua]ly 
iiuick method of calculating by specific grarity. To do this 
one of the ftillowing tables may be used. (I. is from Hammer- 
Hchlag, usinj^ the method id>nve described; 11. m moilified from 
Schmaltz, " Pathologie des Bhites," etc., Leipsic, 18i)(J, usidr « 
direct weighing: method.) Ajipareutly a degree of specific kiet- 
ity means mucb more at tbe top of the scale (i.e., 6,6 per oeat) 
tlian at the bottom (Iji per cent). These tables are of course not 
accurate, and further research will be needed to make them ao. 
I 

Spec, Gn>. ttemoKlobJn. 

1088-108.'S = 35-80 per cenl. 
108S-1088 ^ 80-85 
1038-1(M0 = 85-« 
KHft-KM.-; = 40-45 
1045-1048 = 45-60 
1048-1050 = 55~M 
lOSO-lOiW = G5-T0 " 
loss-tons = 70-75 
1^.^1057 = 75-85 • 
1057-10B0 = 8.VH5 



Sttdv op the Finer Structures op the Blood. 
Tlie study of dried and stained specimens with the hd^ 
(he aniline dyes gives us much of interest and importaocfl ] 
regard U> the blood. More can Im bMd aljoutagiveii t 
the study of a drind and stained cover-glass specimen tluui bjr 
any other single method. 

Preparation of Cover-Glass Specimens. 
(a) Covers carefully cleaned with soap and water are ar^ 
raDge<l at the bedside in such position that we can quiokly pi4:^ 
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"Uiem up withoat toacbiug their surfaicea (see Fig. Ij.' Tlie par 
is piiuc'tiired in the usual way, and oue of the cover-glitseea 
touched to the summit of tlio drop as soon as it eujerges. This 
cover-glii93 is then let fall upon another 
ia »uch a wuy that their corners do not 
coinL-ide (J?ig. 23). If the covers are 
clean the drop spreads at once over their 
whole umfuue ; as soon as it stops spread- 
ing, slido off the top one wilhout liftimj 
t}itiii apaii., but exactly in the plane of 
tlieir surfaces. Have a gas or alcohol 
dame at Land and drj' instantly if you 
want to get the very beet sijecimens; 
but this is not at all necessary for most clinical purjKises. 
The under cover-glass is always better spread than the iij^er. 

(ft) These covers have low to be ^xed either by heat or by 
half an hour's immersion in absolute alcohol and ether (equal 
parts), or by the same mixture (30 c.c. each) plus live dr()pH 
of a saturated alcoholii; solution of corrosive sublimate (five 
minutes' immersion), or by exposure to the vapor of forty-tive 
lier cent formaldeliyde. I have used all these metliods, but 
found none of them to compare favorably with the methuil of 
heat fixation when we wish to study the leucocytes or the nuclei 
of any cell. 

WTien we wish to see chiefly the changes in the red cells (as 
in studying the malarial urgauiam, nucleated red corpuscles, 
degenerative changes, etc.), the alcohol aud ether method is 
good. But when, ns in the majority of cases, it is the whit© 
cells in which our interest centres, the use of heat is very greatly 
to be preferred. Heat serves not simply to fix the cells on the 
gln»s aud to prevent degenerative changes, but also to modify 
and greatly improve the staining power of the cell when Ehr- 
Uch's triiLcid sUnn is used. 

The metho<l of fixation by alcohol and ether needs little 
ooiumeut, the cover-gliisses l>eing simply left in the mixture 
half an hour or as much lf)nger as is convenient. Half an hour 

' I often poiaei tliem on corha no that their corneni are readilj accfseihle 
to the fiDgere. The procexe of niahiDg blixnl fllma id far easier if another 
ptTBoo prepares the drup for iih bo that we can stand ready with a cover- 
I Id encli hand to catch the drop aa aooa i 
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dry teat. The best i 



is enongli, lu mtiet wiaea 
iln tliifl is in a drv-heat sterilizer at a temperature of 140^- 
155° C. acciirding to tlie »taiu used. The teoiperatare most be 
watvLed very closely, and as soou as it reaches the desired 
poiut the heat should l>e removed. Gradual heating; oud 
gradual cooling are best. If we cuuuot easil\' get access to such 
an iustrnmeut, we can manage ver\- well with auy small in>u ur 
copi>er Ik>x having a door or lid and a hole for a cork which is 
l>erforated for the thermometer bulb. This supported over k 
gas or nlL-ohol flame does very well. It needs about ten minutes 
to get the temperature to 150° C, and as soou as it gets there the 
si»ecimens should be takeu out. The same end can be atxiom- 
plished somewhat less accurately' with a strip of copper sui)- 
ported over a Buuseu burner or a small gas or oil stove. ISie 
copiier plate should be about a foot long and two or three inches 
wide. Such a plate supported on au iron triix)d over a Dame 
gets, after a few minutes, to have a tixe<l tem[>ernture at any 
given distance from the Haiue, the heat [lassing off at the eud of 
the plate as fast as it t^omes, and so not aci^umulatiiig. On tlux 
plate find the boiling jMiint of water by di'tipping small droj* 
of water <m it, and put the cover-glasses at this jK>iiit/'ife (/oioi- 
trard. They may be left there ffirtrura fifteen minutes toas long 
as you please; but with the stain which I have used, fifteui 
minutes' heating gives as good results as a longer jteriod, and 
excellent s[>ecimeDs can often !» made with five minutes' heat- 
ing.' After ollowiiig tlie s[>ecimens to oool they are ready 
for staiuing. 

Sl'iiiiiwj. 

For all details of structure the Elirlich tricolor mixture or 
oue of the numerous mollifications of it is most convenient. 

' With A little practice one can learn U> make excellent specimens by 
simply passing the corer-glass through a Qunsea or alcoliol flame abovl 
twenty tiniea very mpiiUy. Thi> mte of Bpe^tl must be learned by eJipe^- 
ment. i.e., nueh a Hpeeil and 'ue'i a number ot expoiiun^ to tlie flames* 
turns out to give on staining a bright yellow color ti) the red rorpmcdcs 
(««twr red or brown or Bray), a gooil deflnitioQ to the blue-stained nuclei 
and to tile violet or pink gniiiulea o( the polynuclear leunocytes. nicss 
are the iimnntinls of a well-staiued specimen, and they depend (a) en tils 
heating, (ti) on the make of stain, but only slightly on the length ot si 
ing {vide infra). 
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The most usefnl and easily obtained of these is made by 
mixing: 

SaturatxHl watery solution of orange G, . . 6 c.c. 

** ** M tt i^^ji^l f uchflin, . . . 4 c. c. 

To these add a few drops at a time, shaking between each ad- 
dition : 

Saturated watery solution of methyl green, . 6.6 c.c. 

Then add : 

Glycerin, 5 c.c. 

Absolute alcohol, 10 "^ 

Water, 15 « 

Shake well for one to two minutes. Let stand twenty-four 
hours. Do not filter.* G. Qrubler's colors are best. 

I have used only this stain for the past two years, and have 
never seen any other which compares with it in brilliancy and 
general usefulness. 

The staining process is remarkably simple. A drop of the 
stain is simi)ly spread over the surface of the cover-glass speci- 
men with a glass rod and washed off again with water after two 
or three minutes or as much longer as is convenient. With this 
mixture it is impossible to overstain. If the specimen look too 
dark (brown or red instead of orange-yellow) it is not because 
of overstaining, but because of tinderheating. It needs a good 
deal of lieat to bring out the full brilliancy of the three colors, 
and the 100''-120'' C. usually recommended for heating is entirely 
insufficient with this stain unless continued for a long time. 

If overheated the specimen looks pale lemon yellow to the 
naked eye, and under the microscope everything is blurred and 
dim. 

I am convinced that anv one who has once seen how much 
is brought out by a good make of triple stain will never use any 
other for clinical purposes. Eosin (one-i)er-cent alcoholic solu- 
tion) followed after a few minutes by Delafield's hromatoxylon 
for one minute, or methyl blue one-half minute, gives a very 

* An absolutely reliable triple stain from Ehrlich's latest formula can 
be had of Walter Dodd, apothecary to the Massachusetts General Hospital 
A 65-cent bottle will stain several thousand specimens. 
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Htrikiiig (lootmat stuiu, but does uut briu^ unt the puiute luoc 
esseutiitl in eliiiitiil blood work. Tu "control" KbrUuli's triple 
stain with ensiu-lia'UiatosyUm or eosiu-metlijl blue is likp COD- 
ti'ulling i\ iihroiiometer with a fifty -cent clock. The latter 8taiuH 
are very valnable for the studj' of the finer atructure of uuclei, 
(or karyokinetic fibres jiud baHophilic granules, but iu>( for 
(UftKDosia. 

After staiuiiifj anil washing in water, the covers are ilried 
between layers of filter paper and mounted in Cauiida iHilsani, 
ready for examination with the oue-twelftli oil-imniersion lens, 
with wide-oi)eu diaplini«m.' 



Dlffhrutinl CuunUiiij. 

The only procedure in the mioroHcopio exaiuiuatinn of unch 
H)]ecimeus whicli ueeils uuy desL-riptiou is that of making tbe 
ao-called "differential count" of the leuoocytea {i.e., determiniu); 
what |>eri'«ntngo of the leucocytes present belongs to eoich ut 
tlie autt-varietiea as described on pp. 02-07). To do this Acmr> 
ately we should examine nt leant five imiidred leauocytes — tist 
examiuatiou bfiu^ simply the chiBaifi nation of them under tfafir 
liifferent Hub- varieties. A movable stage is very conveoieoit 
though not essential for this pnr]Mise. With such a stage tiw 
teehuiipie is simply to start with the lens iu, say, the upprr Up- 
hand corner of the bl<HMl film aud, by turning the screw of tlw 
mechanical stage, move the preparation slowly past the eye 
until the iif>iKr riijhl-hitiid coiner is rcaehed. Ihiriug thu 
process as the oelU appear in the field they are checked off Bad 
put dowu uuthtr one or another heading. Then move the skagfi 
so that the lens is juat oue field'a diameter nearer the ntjIU-liatuI 
liiirrr corner of the jireparatiou, and go back again frtim right 
to left, following the serpentine triu-k indicated above iu Fig. 
T. To move the Icna Just <me field's diameter we have only to 
fix the eye on a cell ut the extreme edge of the field, and tbeO 
move the stage till that cell disappears out of sight on the of^n^ 

' or lalt I liftve luteil dry leoHmi a great deal — llie 7 or even (lie 8 of Lails 
—on ftficouot "f tlH'ir larger Held. Moat cells can In- pasily recogniaed 
with IIiIh power after we have well lenmed their looks by earlier Btadjr of 
specimena with Ihp iminerrtiou \eas. If iu driiibt about nuf cell, it i 
t« puH out the tube of the mioroscope or put on the iiiimention lens 
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site side of the field. Thus we avoid any chance of counting the 
same cells twice, and jet are sure not to miss seeing any. 

As we go back and forth in this way, we notice chiefly the 
white cells of course, but yet keep our eyes open for any unusual 
ap})earances in the red cells. Usually these move by in a 
monotonous stream, one looking much like another, but in 
pathological blood we must always be on the lookout for nu- 
cleated red cells, degenerative changes, and variations in size 
and 8hax)e. In malarial cases of course our scrutiny is directed 
chiefly upon the red cells. 

If we have not the help of a movable stage we try to do the 
same thing moving the slide with the fingers. With moderate 
care there is no danger of counting the same cells twice, but 
we cannot help missing a good many altogether, so that although 
accurate the process takes longer. 

When leucocytosis is present, at least one thousand leuco- 
cytes can be found in a single well-spread seven-eighth-inch cover- 
ghiss specimen. In normal blood we may need to go through 
t\i'o to three covers. 

Bacteriological Examination. 

Blood obtained by the ordinary method of puncture is not 
fit for bacteriological examination.^ The following is the l)etter 
wav : 

Sterilize the skin over the flexor surface of the bend of the 
elbow, and wash off thoroughly the agents used for sterilization 
with boiled water or boiled normal salt solution. Have an as- 
sistant grasp the upper arm so as to prevent the venous return 
and distend the large veins at the elbow. Into the most promi- 
nent of these plunge a sterilized hollow needle connected with 
the bulb of a sterilized syringe. All traces of antiseptics must 
l)e carefully washed out of the needle and the syringe bulb be- 
fore using. 

TMien the needle penetrates the wall of the vein the blood 
usually begins to flow into the bulb of the syringe, and this is 
hastened by gently withdrawing the piston until 1-2 c.c. of blood 
are in the bulb. Then withdraw the needle, press a pad of 
sterilized gauze over the wound, and expel the blood before it 

*S^e Ktibnau 'a comparative experiments in Deut. med. Woch., 1897, 
No. 25. 
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eouKoI'ites into a blood-serum cuUni'e tube so tliat it sbal 
down over tlie whole surface of tbe " slant" uud collet-t a liUi 
the bottom. Tlic tubes are tlieu put at ou<^ iut4i tlie tliemioi 

III esamiDin^ for tlie ^omxtociciis tlie blnocl is to be mixed 
with ei^jual {jarts of ap;ar-a^ar (previoual.i,' meltod down hi> as t» 
be mixable but uot Lot euough to kilt the orgauisnis), oad then 
plated. 

The further examiiiatiou of cultures fatlr^ outside the scope of 
this book. 

lu tlie above procedure the oiily difficulties are: I. Some- 
times it is hard to fiud a vein aiid to get the ueedle into it. 
2. Oocasionally we get the uee<lle entirelj' through the veasel 
into the tisuses ou the other side. 

If the blocHl dopfl not flow remlily into the bulb one of these 
two luistiikea ia uauully the cmise, but occasionally in those 
vhoHe veaaels are very small or whose circiiLvtiou is very feeble 
(aa in the moribund) it is vory hard to net the i-wjuisite amonnt 
of bliMHl. Only practice hel|js us to avoid these difficulties. 

The pn>c«lure causes hardly inf)re pain than the usb of as 
ortlinary subcutaneous injection ; the process of sterilization in 
ttsuuUy more irksome to the patient than the puncture. 

BleedinR is triflinf.;, and within twenty-four hours ther^ is 
usually no trace of the puncture left. A steriUxed dressini; witb 
moderate pressure should he ajiplied. 
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It is perhaps worth while briefly to mention 
methods of blood examination of which no account will be 
given. 

1. Determination of tho iilhtHuihi of the blood. No aocor- 
at« and clinically available method has yet lieen devised. De- 
spite the iutereutini; work of Kraiis, Caro, Lowy, Bienuicki, 
V. Limbeck, and others, I am still nnable to get hold of any 
clinically valuable information given by the determination of 
alkalinity. 

2. RvAulanir •>/ the red coi-pimdeH to the I'lifiuence of rfu- 
iiUexl irtiter. As is well known, wat^r breaks up reil cells, but 
if we add a certain amount nf alkali, say Nat'l, the cells re- 
main (imnjured. The amount of XaCl which has to be added 
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to prevent the destmction of red ceUs is from 0.44 to 0.48 per 
cent. Under certain pathological conditions it needs either 
more or less of the salt to keep the ceUs intact, t.e., they pos- 
sess an increased or diminished power of resistance against the 
destroying influences of distilled water. The degree of con- 
centration necessary to maintain red corpuscles intact is known 
as the isotonic co^Jicient of the blood as stated in terms of a 
given salt; 0.44-0.48 is thus the coefficient of normal blood cor- 
puscles in NaCl. 

Possibly this method of examining blood ma^' in the future 
give us knowledge of clinical value. At present it is not clini- 
cally applicable. 

The resistance of the blood cells to the influence of elec- 
tricity, heat, and mechanical pressure has also been investigated 
in various conditions of health and disease. 

3. The rapidity of coagulation varies markedly in different 
diseases, but no reliable way of measuring it has yet been found. 

4. The amount of solids in a given quantity of blood can be 
determined by weighing a given amount of blood before and 
after six hours' drying at*65^ C. Inasmuch as the hsemoglobin 
percentage and the specific gravity run practically parallel with 
the amount of solids this method has no considerable clinical 

value. 

4 
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CHAPTER IV. 

Only such portions of our knowledge of blood physiology 
will be entered upon here as are necessary for an understanding 
of the small group of pathological changes which can be profit- 
ably investigated by clinicians. This limits us for the present 
to the morphology of the blood, its coloring mutter, and its density 
under physiological conditions. 

Appeakance of Fresh Normal Blood. 

A drop of normal blood spread between slide and cover-glass 
as directed on page 7 and examined immediately with a one- 
twelfth immersion lens, amazes us first of all by the entire ab- 
sence of any red color. All we see is a colorless liquid in which 
masses of very pale greenish-yellow discs are floating or lying. 

/. Red Corpuscles, 

(a) If the blood is spread thickly the blood discs are often 
arranged in the form of rouleaux (Fig. 24). The entire absence 
of this tendency to rouleaux formation is pathological. It is to 
be avoided, of course, as far as possible, as it gives us only the 
thin edges of the corpuscles to look at and covers up much that 
we need to study. Thin spreading of the blood is therefore im* 
portant. 

(J)) There is not much variation from the accurately round 
shape of each corpuscle in normal blood, except where one is 
indented by another. As they are moved about by the currents 
set in motion by the gradual drying up of the plasma and strike 
against each other, they bend, double up, or indent each other, 
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like bags of jelly, but yet always have a strong tendency to 
return elastically to their round outline when free from pres- 
sure. Thus a corpuscle passing through a narrow passage lie- 
tween two leucocytes will be flattened out like a worm ; but as 
soon as it emerges on the other side, it will be as round as 
before. 

((■) The central biconcavity ol the cell, being thinner than the 
rim, is lighter colored. Just how much lighter should be learned 
by practice so that we may detect any abnormal pallor of Ote 
corpuscles doe to lack of htcmoglobin. Pallor is to be seen 
mostly in the centre of the cell, which in extreme cases seems 
almost transparent. This is not to be confounded with the 
highly refractile, glistening-white centres seen as a mark of 
necrosis as soon as the blooil begins to dry up. A fuller de- 
scription of these ap]iearauces is given in the chapter on the 
malarial organisms, with some forms of which they may be 
confounded. 

(d) Slight vaT^tions m she are present among normal red 
discs, and here again only practice can tench lis where the normal 
limibi end and the pathological begin. Cells may be (patlio- 
iogically] all undersized or oil oversized, so that a standaixJ of 
comparison is not always to be looked for in the preparation 
itself. 

(e) If w© focus carefully on a single red cell we can usually 
make out a fine, wavy, so-callei:! molecular vwti'oit in it. This is 
quite different from the active amoeboid movements observed 
in dying cells, and from the rapid dancing of malarial pig- 
ment. 

(/) The familiar appearance of spines all o%er the cells 
nsoally called " crenalion" need not be described here (see Fig. 
27, p. 8fi). 

But it is the very earliest beginnings of crenation that lead 
to mistakes, as when only one projection has been developed 
and that points toward the eye, so tliat a bright sjiot in the cor- 
puscles is all we see. 

( g) Unless we disinfect the skin before puncturing we must 
be prepared to find in fresh preiJarations («) oil drops' (6) epi- 
thelium; Ir) particles of "dirt;" (d) small colorless motile 
■me ooadUiUDB the blood really contaiHB fat. (Vide infra, "Li- 
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organisms about 1 ii in diameter, which are not at all rare but 
whose nature is unknown to me/ 

(A) We may make a rough estimate of the number of red cells 
present if we take care to spread the drop of the same thickness 
each time. The eye gets used to the ordinary loc^ of a well- 
filled field of corpuscles and notices a look of thinness if any 
considerable anaemia is present. 

(i) The degenerative changes to be seen in normal blood after 
long exposure to the air, which can get in between slide and 
cover, are described in detail later on. In pathological blood 
we may find these as soon as the blood is drawn. 

//. White Cells, 

(a) TJie white or colorless corpuscles are but little different 
from the red in color, the latter being so nearly colorless. We 
first notice them either by their amoeboid movements, or because 
they are not moved by the plasma currents, but stand like a rock 
round the sides of which the current of red cells is broken. 
They are slightly larger in most instances than the red cells; but 
this difference shows less in the fresh specimens where the leu- 
cocyte keeps its spherical shape than in the dried and stained 
preparations, where it is usually somewhat fiattened. Their 
shape is very irregular and their edges often look tattered. 

In some leucocytes the amoeboid motions are entirely absent. 
These are the smallest cells, and in them a single nucleus filling 
most of the cell can often be seen. They are much more nearly 
spherical and less irregular than the amoeboid cells. 

The large amoeboid leucocytes are more or less granular, and 
in certain lights these granules look quite dark and are some- 
times mistaken for bits of malarial pigment. This is esi)ecially 
true of the coarse granular cells seen occasionally; staining 
shows these large granules much more distinctly ( = eosino- 
phil — see below, p. 65) ; cells of this type are the most actively 
amoeboid of all. 

(b) The most important point in connection with the leu- 
cocytes is their ratio to the red cells. This is estimated in 
fresh specimens not by any actual counting but by reference to 
a standard fixed in the mind by study of normal specimens, and 

* Since this was written the same appearances have been carefully 
studied by MQUer and Stokes (see page 59) . 
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i- consitlerable increase of tlie white cells would be uotieed at 
oni-e. NatiiniUy we must uot iu<lge from any one part ui the 



bIuI^, as th^ iliatributii 

Efferent parts of it. 
J 



of the leucocytes may be unequal in 



///. BlMci Pluh'H.' 



Unless the number of these elements is increased by some 
itliolo^ical influencp, we seldom notice them at all in normal 
loixl. This may be because we do not work quickly enough in 
preparing our specimen. Hayem recommends that the cover- 
glass be laid ui>ou the slide before the puncture is made ; as soon 
RS (he drop emerges it is allowed to run in between slide and 
iver by capillary attraction, thus avoiding contact with the air." 
le blood plates are irregularly shaped, very cohesive elements, 
>ut one-half the diameter of a blood disc, usually seen cling- 
together in masses like znijgloea. They are colorless ami 
amwboid and look like (UUris. 

IV. Fllx-iu Xelwork 

After a specimen of fresh blood has stood for some time ex- 

)Bed to as much air as can creep in between slide and cover- 

ia, we begin to notice a network of fine straight lines in the 

( between the corpuscles. Here and there these filaments 

Km to radiate from a centre where irregular, colorless masses, 

bparently blootl jJates, are to be seen (Fig. 24). 

No stain is needed to demonstrate these fibrin threads, but 
I Bniall-aperture diajihragm and very little light makes them 
liuiT. Their only im^x^i'tance is that under certain pathologi- 

is prohahle that the elementa included under this heading comprise 
1 different thitigH. It is beyond the plan of thia boolc to diacuBB 
their origin and aii^ificance, since tliey poi«aesB at present no clinical 

' Thia is a very satisfactory way if we wisli to eee the corpuuclea 8» 
h and unapoilud as we can. Put a cover-glasa on aKlide nothat Iheedge 
ne correspondB with the edge of the other, and, iiolding lliein in thin 
JMition with finger and thumb, put their superimposed edgen into the eide 
e drop aa it em«n!ee. It will tud in between them by cnpiUarj at- 
The blood plates can be stainml with eosin, and in the eoeiii- 
. Btain ate easily seen and their number approximately 
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cal conditioDS the fibrin network ia very much increased and 
helps UB in the diagnosiB (Fig. 25) . Hence it is of importance 




— Bouleui FomiAtioii aad Ftbrin Network cf NomuU Blood. 



to be familiar with the ordinary closeness of the network in nor- 
mal blood aa a standard of comx>a.risOD. 




rrrawcl ThIetinPiw of Fibrlu Network. 



For an account of the condition!* of its increAse see Chapter 
IX., page 124. 
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Ayeraqe Diameter of Bed Cells. 

The blood nnder normal conditions shows considerable varia- 
tions in the size of its corpuscles in the fresh state as well as in 
stained specimens.' 

The following table (v. Limbeck) shows the results of various 
observers. 

Kormal Limits. Arerage Diameter. 

Welcker diameter = 4. 5-9. 5 ^. T ti 

ValentiQ 7 /< 

Malinin 7.7 /i 

Hayem diameter = 6-8.8 n. . 7.5 fi 

Mallassez 7. 6 m 

Laache diameter = 6-9 //.... 8. 5 ^ 

Bizzozero 7. 075 ft 

Gram diameter = 6.7-9.8 n 7.850 « 

Average = 7. 5 ^ 

These differences depend partly on differences in the method 
of measuring (wet or dry), and partly on the fact that the age 

> A method of measuring, approximately accurate, and easily appli- 
cable in clinical work is the following : 

Using a camera lucida, trace on paper the divisions of a fine stage mi* 
rrometer as seen under a one-twelfth oil immersion lens ; such micrometres 
are usually ruled to one one-hundreth of a millimetre. Approximate ac- 
curacy in our tracing can he obtained if the process iti repeated till the 
divisions marked in successive drawings correspond accurately one with 
another. Care must be taken that the paper is flat upon the table beside 
the microscope, and. not raised on a block or otherwise ; also that the part 
of the paper on which we draw should be perpendicularly under the centre 
of the mirror and not off to one side. When a drawing has been made 
with tliese precautions, we have only to divide the space between each of 
the lines in our drawing into ten equal parts, and we have a scale, each 
division of which represents 1 /^ as seen under a one-twelfth oil-immersion 
lens, with the length of tube of the particular microscope used. To use 
our //-scale we have only to draw with the camera lucida any cell whose 
size we want to know, using always the same microscope, the same length 
of tube, and the same lenses, and having the drawing paper (as before) 
flat on the table and perpendicularly under the mirror. The drawing thus 
made is measured with the //-scale like any other object. 

With this method a cell can be measured in a few seconds and with 
sufficient accuracy (i.e., within 0.5 //). 
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and condkiouH of mitritiuu iu the pc^rsouH selected make a 
difference. Iu tlie iJRw-l>oru, nud to aoms extent ttinmgbont 
fbiidliood, the uormal limits of variation are wider tliau iu iidnlts 
(3.3-10.5 /', Hajeni) . Sex ajipears to have no constant influence. 

Gram ' noted that the meawtire meats ])ublishe<.l by observers 
living iu southern Europe iire smaller tliun tltose of northern 
Euroi)e (Italians 7-7.5, Germans 7.8, KorwpBians 8,5), 

The majority of any individual's red eells are certainly about 
7.5 /' in diamcler, ojid (his may ocmriHii'/lif he talrn on otir »laiid- 
ard (Hayem coiintH twelve per c^nt under fi.G /i, twelve per cent 
over 8 /', the rest 7.5 /i). 

Normal Ncmber of the Ked Cells. 

1. At the level of the sea and in ailult life the normal numhej 
of red cells per cubic millimetre is about 5,000,(X)0 for men aud 
4,500,(XK) for women. This is not infre<iueutly increased in very 
vigorous, healtliy persous ; 6,000,000 is by no means rare among 
healthy young men, and higher fi|^res are seen occasionally. 
Thus Hewes ' iu fifty youuj; medical students found an average 
of 5,809,000 i>er cubic millimetre; of these fifteen exceeded 
6,000,000. the highest being 0,400,000. while the lowest of the 
whole series wits 5,120,(X)0. Alttlnde tdxive tlie ata level raises 
the count invariably (see jiage 79). 

2. The inSneuce of vienatmatiou, chihtbirth, and lactation is to 
diminish the red cells teiu|H)rarily, the amount of the diminution 
depending not only ou the amount of blooil lost but oil the 
capacity of the iudividual organism for blond regeueratiotx. 
At puberty, when sexual functions are being established, ira 
espettt lower counts tlian after the establishment of th« 
functitm. Normal pregnancy diws not affect the count of red 
cells. 

3. The count of red cells per cul>io millimetre is raised by 
any cause inducing concentitUion of the blood, such as profoae 
sweating, and is lowered by the tem|>orary dilution of the blood 
after large draughts of liiiuid. In these changes, which ara al- 
ways very transient, the hiumoglobiu and si>ecifie gtavi^ 
.a given drop are of eoui-se increased with tim corpoBcles. 

'FonaohrittederMediciii. 1S84. 

> Tr&neActions of the Boetou Society of MedicAl Science, Hay 18, ] 
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Ptuotiiotor injluemts uffectiug tbe calibre of the peripberal 
vessels (hot or cold baths, exercise, etc.) may temporarily cod- 
centrate or dilute the blood by affecting tlio iuterchauge of fluid 
between the vessels and tlio auiTouuiUug lymph spaces. By 
these processes the blood in the periiilieral vessels may show an 
increase or diminutioa in the cellular elements, the hicmoglobin 
ttud 8i>6cific gravity corresponding to the greater or less concen- 
tration of the blood at that point (on these points see below 
pti«e76). 

Hayem noted that in young people especially the number of 
red cells varied considerably without any notable change in con- 
ditions. 

^h 4. Influence of Ifufn'tion on fhe Number of Red CfUs. 

^r A- After a meal, especially when considerable liquid is taken, 
llhe blood is temporarily diluted and hence the count of red cells 
per cubic miUimetre is diminished (v. Limbeck; Ileiuertj. 
This is illustrated by the following case from v. Limbeck. 

I Adult, Male. Healthy. 

RedCelU. WhiWCetK Hb 

U:I8a.H 0.5Uti.OOO 7.(100 SeperceuL 
IStL limner. 

ISilSp.K. 3.330.000 6,1« 

1;13 - 5.480.000 8,600 

8:15 " 4,733.000 12.000 

8:15 " 4.873,000 14.000 8»percent 

4:15 " 4,720.000 lO.SIlO (*9 

As the white cells rise (di^^tive leucoc;)'tcsi8, see below, page 
83) the red fall. 

Fasting, by concentrating the blood, temporarily increases 
the number of i"ed cells (400,000-500,000 increase after twenty- 
four hours' fast). 

B. Genciril A'«/»i/ ion. ^Leau, muscular people have on tbe 
uvernge more red cells per cubic millimetre than fat people 
(Leichteustem, quoted by v. Limbeck), other things being 
equal.' 

As above said, fasting (by concentrating the blood) raises the 

mber of red blood cells, so that it is not simply hunger that 

' T)ie iDfluence of stasis in the obese, whoee fnt loads the eurfuce of tlie 

'xt cause an apparent iiLcrease of red cells (see below, p. 73). 
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gives U9 the tUmlnutimi iu red t'elln coiumonlv fouiid in } 
tidurinhed people, but rnther tiie influence of bad hy^ene iu tlie 
elums, etc. 

5. Seasons and the time of day seem to have no influence in 
themselves. The same is true of race and climate. Tlie only 
exception to this is reported in the work of E. Below,' who 
fouud iu yellow fever districts an average count of only 4.7(H>,0(lO 
red cells jier cubic millimetre and the diameter of the individnul 
c«ll reduced to 5.9 /< on the avemge (7.5 p- = normal), 

f!. /""/."^i/e.— Hft.vem noted a loss of from 600,000 to 1,000.- 
000 red cells per cubic millimetre in the blood of a number 
of furmera after a hard summer's work, the counts made in 
September baviuR been compftre<l with those of Ajiril and al- 
ways found to be lower. Wljethev fatigue is the only cause of 
this diminution may l»e doubted. 

7. Age. — In the new-born the nnml»er of red cells is verj- 
high for a few days (7,000,000 to 8,800,000), but falls at the end 
of seven to ten days (see jtage S/J). 

In the very old a certain decree of anaemia is, so to ai>eak, 
physiokigical ; but this, which like the plethora of the new- 
born is to be referred ""/ to the fact of age, but to concomitaiti 
influences, is by no means invariable. Schmaltz reptvti 
(),7(Ui,000 red cells in a man of eighty-one and 4,816,000 id % 
woman of seventy-four. 

Normal Number op Whttb Cells. 

The flgure usually given for adults is 7,500 jMyr cubic milli- 
metre. This varies a good deal, according to the untritii>Q of 
the individual (see page 81) and also at different times of 
the day, owing to iuSueiices not explained. The inflnencn of 
digestion will be mentioned later. In animals a slight shock* 
is snilii'ient materially to afi'ect the count of leuccH-ytes; 5,00(1 
to 10,000 may be callefl the normal limiti^. Romberg find* 
9,058 as tlie average count in fifty-five healthy young women. 
There is, I believe, no evidence to show whether or not mental 
disturbancefl (fear, rage, emotion of various kinds) affect their 

* "Deul. TropenhjK'Pi"". " Berlin, 1895. O. CublanK. 
'Lflwitt: "Studien i. Phyaiol. iinil Pathol, d. Blutes," etc. 
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nmber, but mj- impresaiou is that they Jn. Other causes of 
kriadon will be iliscnssed under Leucocytosis. 



I 



Blood Plates. 

number of blood plates is from 400,000 to 700,000 under 
DuriDul conditions. They are tlie chief constituents of white 
thrombi, and wherever they are diminished (e.g., iii hiemo- 
philia, piirpura) clotting is apt to be slow. They are increased 
ill leukiemia and in many coses of grave aiKemia. In the se^'erer 
tyi)e8 of many infections diseases (typhus, erysipelas, malaria) 
thev are diminished, and in malaria thoy are sometimes wholly 
absent tluring the fever. In pneumonia aiid tuljerculosis they 
are normal or increased. In purpura and hjemophilia thej' are 
Konietimes much diminished or absent. 

The physiological limits of the amount of Itipmofjhhiii &D<\ of 
the gpecijic gravity have already been mentioned. Under phys- 
iological conditions their variations follow those of the count 
rf red cells. 



MiTLLEu's "Blood Dust." 



Miiller ' has recently described under the title nf " Hremo- 
conien," or blood dust, a constituent of normal and pathological 
blood not hitherto noticed. This consists of small round color- 
less granules about the size of the finest (at drops — or about 
J-lu in diameter, their size being very variable. They are 
highly retractile and have rapid dancing (moleciilar) motion, 
bat no iKiwer of locomotion. They are insoluble in alcohol and 
ether, not stained by osmic acid, and take no part in the forma- 
tion of fibrin. Stokes and Wegefarth," who have confirmed 
Miiller'a observations, note that the " blood dust" can be seen 
much more clearly by the light of a Welsbach gas burner than 
by daylight. The latter observers present a bodj' of evidence 
tending strongly to show that these bodies are the extruded 
granules of neutrophilic and eosinophilic leucocytes. Granules 
iiliftareutly identical with them can be stained in fresh speci- 
mens with eoain or Ehrlich's triacid stain in a way apparently 

Tentnilhl. fur alle. PntH., etc., viii,. 18B6. 
■Johns UcpkJDB Hnapitnl Bulletin. December. 1897, 
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like that of the intracellnlar granuleB. ' They are also to be seen 
in pus and in hydrocele fluid. 

I have frequently noticed these granules in studying fresh 
blood, but hitherto supposed them to come from the patient*8 
skin (see page 62, footnote). No special diagnostic or prog- 
nostic significance has yet been attached to them, though the 
work of Kanthack and Stokes renders them of great interest 
with reference to the problem of immunity. They remind one 
somewhat of the description given by E^ahane of the supposed 
organism of cancer. 

1 Nicholls. PhiL Med. Jour., Feb. 36, 1896. 
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PLATE I. 
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PLATE I. 

FlQ. 1. — (a) PoltpnoTphanuclear Neutrophiles. Note the varieties in 
eiie add ahape of granuleB, the irregular Blainiog of ttie nuclei, the light 
space around them, their relatively central pogition in the cell. 

(b) Myelocytet. Note identity of granules with those Just described : 
the even, pale stain of nuclei : their position near the surface (edge) of the 
cell. The two cells figured indicate the usual variations in tlie size of the 
whole cell. 

(c) Snuill Lymphocyiea. In the cell at the left note transparent proto- 
plasm ; in the cell next to it note I'erjf pale piuk ring of protoplasm around 
nucleus which is deeply stained, especially at the periphery. The uejct 
velMiassn indented nucleus: its protoplasm relatively diBtinnt, The cell 
on the eilTPme right shows no protoplaMra and i9 proliahly necrotic. In all 
□ot« abtewx of granules with this stain. With basic stains blue granules 
ttpgiear In the protoplasm. 

(d) Ijirgf LymphocyteH. Note pale-stained nuclei and protoplasm, ir- 
regularity of outline : indented nucleus in one. Every intermediate stage 
between these and the "nmull" lymphocytes occurs, and the distinction 
between them is arbitrary. 

(c) EoshwphUe. Note irregular shape, loose connection of granules, 
their copi>er color, their uniform and relatively large site, and spherical 

(/) Eimnophiik Myelocyte. Notesimilarity to (6) onlinarymyelocytes 
except au regards granules. Color of granules may be as in (e) ordinary 
eoeinophile. 

All the above were stained with the Ehrlich triacid stain, and drawn 
irith camera lucida. Oil-immersion objective one-twelfth and ocular No. 
iii. (LeiU). 

FlO. 'i —Maluriol Parasites in Fresh (Unstained) Blood (Tertian 
Forms). ,V..\, normal red corpuscles ; 1, redcellcontainiugJi^uhiu! txwiy; 
S. 3. 4. 5, Buecessivesiages in the development of the parasite, sliowing 
acquisition of pigment; 6, 7, full-grown parasites, the corpuscle no 
longer risible ; B. beginning of segmentation ; 0. se)^entation. In 6 and 
7 note brownish blur licliind the pigment dots. Drawn as in Fig. 1. 

Fio. S.~Tertian Parasite Stained with Eosin and lUflhyl Blue. The 
remains of the corpuscle containing the parasite stain pink, the parasite 
blue, and its pigment black. The stages of growth correspond with the 
nambers attached. Note in Figs, 1. 3. 3, and 4 the shape of the parasite, 
shown better than in fresh specimen. 

[Owing to a mistake the cells in Fig. S are not drawn according to a 

gle scale and their relative sizes must be disregarded. ] 



CHAPTER T. 

FINER STRaCTDRE OF THE BLOOD. 

I. Appeaeakces op Dbied and Stained SPEcmENfi. 

CovEB-GLAsa specimens prepjired aud stained as above di- 
rected give na more information of interest and importance than 
Ofiu be obtained from any otliei- one method of blood examination. 
Approximate ideas of the quantity of red cellH, of white cells, 
and of hiemoglobin can Iw formed, parasiteH and bacteria can lie 
seen, and the whole mass of evidence based on the finer structure 
of the leucocytes can only be obtained in this way. The ap- 
jj^arances of a specimen of normal blood prepared in this way 
are as follows : 

Red Ckllh. 

1. The hiemoglobin stains with the orange G of the tricolor 
mixtare, and in a projierlj heated specimen the red cells are of a 
brilliant yellow or pale oran^^e tint. If overheated they have a 
feebly stained, washed-ont look, while if iimlerlieaUd Ihey m-e 
more or lexs liroifii or ijrui/.' 

The detjree of pallor of the centres corresponding to the 
araoont of hjtmoglobin in the corpuscle can be ganged much 
more accurately n-ith this stain than in the fresh preiiarations. 
The color of the edges is not much affected by pathological 
cbanges, the centres being the test. Bnt in cases with extreme 
poverty of liiomoglobiu the coloretl rim may be reduced to a 
mere shell and the rest may Ise almoRt completely colorless. 
Tlie power to estimate the amount of coloring matter in this 
way cau lie easily H«|iiired. 

An apjjroximate idea of the numl>er of red cells may Ite 
ftn-meil by any olmerver who has learned to use a uniform 
tecIiDiquo in each case and to spread the bloixl of a standard 
ickness. 



'This is H fruitful Ronrce of error. Many suppose thut b«:auBe thei 
KiiDCDB come nut too dark they muat be " burnt, " anrl bo heat less. 
t the dark tint meana that the specimen is not heated enough. 
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2. Nothing U seen of the fibrin or blood plateH as a ntle. In 
normal cases the plasma does not stain at all. A certain 
amonnt of debris is often present, usually pink stained. 



White Corpuscles. 

3. The chief purpose and use of the " triple stain" is for di^ 
tiuKUiHliing tlje varieties of white corpuscles, and the jiathologi- 
<!al states of the red. About the normal red cells it gives as no 
iuformatiou that cannot be obtainetl as n'ell h^- various other 
stains, but our knowledge of normal leucocytes 1ms been im- 
menaely enlarged by its use. 

In uurmal blood stained as Hl»)vn directed, we reco^^tiuw the 
following varieties of white cells : 

(1) Svinll hjmphocyien or " small hyaline forms" (Kantkaek) 
(see Plate I.t. These consist mostly of a round blue nacleiw 
about the size of a red cell, and surrounded by a thin (coating of 
protoplasm, faintly stained or invisible (with Ehrlich'a triple 
stain). 

The nucleus may be considerably smaller than a red odfi, 
and may or may not lie deeply staiuecl. lu my experionoe it 
is usually pale-stained, but slight differences in technique wUl 
greatly affect its stjiining |iowcr. The larger it ia the more ^it 
it is to be pale (see Plitte I.). 

(2) There is no Hue to lie drawn l>etween this form and Qiak 
now to be de8cril)ed, namely, the "large lymphocyte" or "large 
mononuclear cell," which is simply larger and paler. 

The small lymj)hocyte is the form moat frefpieutly seen in 
the lymph channels and in chyle and at the periphery of the 
follicles of adenoid tissue. Whether it grows in the circolatiiig 
bloml into any other form of leucocyte is uncertain. In the 
so-called "large lymphocyte" the nucleus occupies relatiTelf 
less of the coll than in the small lymphocyte. 

In many cahoh wb do not see in the blood any intermediate 
forms. Lyruphocytes are either "small" (5-10 /i in diametet) 
or "large" (13-15 ■■ iu diameter) (see Plate I.). 

In other cases we find every intermediate size, both (if 
nucleus and of the cells as a whole, and iu such cases it ia 
absnrd to attempt a division into "large" or "small," thoiu;b 
we may be able to say in a (general way which size predominates. 
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The thwjry that the " luiye" motionwicar cells or " lai^e hya- 
line forms" (KauthHck) come from the spleen and the email 
moDomu'lear from the lymph ^lamlM haa beeu aband»ned on all 
sides of late years. 

The protoplasm of all lymphocytes, as has been said, is 
tUways hard to stain with Ehrlich's triple stain. Sometimes it 
has a faint pinkish tinge, more freqiieutly it is (grayish or very 
light blue, and in some o.ases it stauds out brilliantly tranu- 
parent and colorless against the faint purplish tinge of the sur- 
rounding ]ilaHma (see Plate!.). Although non-grauular with 
the triplt' stain many of the lymphocytes show basophilic 
gnuiules at the periphery of their protoplasm when stained with 
eosin and methylene blue. MTieu thus stained a riug of un- 
stained protoplasm appears around the nucleus, Sometimes 
the protoplasm stains diffusely blue with basic stains and no 
granules can be made out. 

I have described the lymphocytes so far as "mononuclear," 
bat it is not rare to find even very small ones (6 /•■ in diamet4?r) 
whose nucleus has a deep cut in one side or has divided into 
two parts. I believe it is commoner to find a divided nucleus 
in the small forms than in the " large lym]>hocytes." The inajv- 
plicability of the term "small mouomiclear cells" or "large 
monouudefkr cells" to this variety of corpuscle is evident. The 
distiiiguishiug mark is not the sinRle nucleus but the absence of 
granules, with Ehrlich'a stain. (See also below under "Mast 
€wil8.") 

In the smaller forms of lymphocytes the nucleus, even when 
dividing, is compact and fills most of the cell. But in the large 
foruiK, instead of simpl>' l>eing larger and paler, the nucleus 
may begin to liend and branch in the cell, and then we get the 
so-called 

(H) " T^-ansilional fomia" (Ehrlich), which are no bigger than 
the larger size of lymphocytes, from which they differ onlv in 
that they have an indentation in their nucleus — either a narrow 
cat or a bay so wide that a " horseshoe" nucleus results. This 
ia ihr. transitional form according to this nomenclature. There 
is no reason (or calling it so, as all the forms of leucocytes are 
tranaitioual, but tliere is some convenience in the name. Like 
most Urge lymphocytes it is pale all through — pale in both 
nucleus and protoplasm— and often escapes notice in hasty ex- 
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aminatioDs. Sometimefi its prntoplartui is si>arHpIy covered 
faint neutropliilic j^raniiles. 

(4) The celln UHUally kuowD iis " iM)l,vnu«lear" are more 
properly called i^ilijuiorphotiiivlenr iieulrofihUes. Tliene oelU 
oonstihite the vast niajority of those found in ordinary pua. 
The main difference between thera and those last descriliwi k 
in the posaession of f^rauules, l>e«t neeii when stained by Ehr- 
Ueh's methods. The nucleus Rtni us usuidly i[uitedeeii bine or 
greenish -blue, and irregularly, i.e., more intensely in some {larta 
than in others. It is very irreijular in shape, being tn'ist««l 
about in the IxkIv of the cell. Here and there it may dive domi 
so deeply beneath the surface of the cell that it is liiddeu nutler 
a thick layer of granules, reappearing in another jmrt of the eell 
eo that it Mrrum to l>6 broken in two. Occasionally, no doubt, 
this is actually the ease, but generally there are " undergrotuid 
winnections" between the api>arently separate jiieces of nucleus. 
Now and then we see a cell (degenerating) where the graDuks 
have fallen away, leaving the nucleus like a short, thick luialw, 
very rarely two, or like several sausages joine<l by strings. 

One never sees any two of these eells whose nuclei ftre of tim 
same sha]>e. Hence tiie terra "polymorphonuclear," Tbm 
windings and twiatings of the nucleus have suggested compUi- 
sons to the letters Z, S, E. etc. 

The granules which fill the Ixxly of the cell an<l in whicli dw 
nucleus is embed<leil stain well onl,\- with trii>le stains like Ehr^ 
lich's. Acid stains like eosin, and basic stains like methyleoA 
blue, do not bring them out clearly. Hence the term "ueatio- 
philic," which is not strictly accurate; more properly thoy u* 
faintly oxyphilic ' and cau lie faintly staineil with eosin. IHenw 
Kanthack and other English ol»ser\-ers have calleti them ■fine 
granular oxyphiles." while the term "coarse granular oxy- 
philes" is applied to the cells generally knon-n as eosinopliilea. 
These terms are in some resi>ectfl more accurst:* than Bhrlich's, 
but are even more cumbrous than his.l With Ehrlich's triaod 
mixture the granules stain violet or purple, sometimes pink. 
They are very small and irregular in shai>e and size, contnai- 
iiig with the large, round, " eosinophile" granules (see below). 
The cells being spherical the granules lie ncvr and arootul tlie 
nnclens, not simply nt fhe kUo of it. In their interstices «• 
' Ghrlich'e Htain ia really u ilitTerential ncid Bt&in und not acutiml. 
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sometimes seem to see a j)iukinli bai^tk^nmnil of cell substance, 

Imt tbis 18 probably compoaed of granules sonipwhat nut of 

focus. 111 normal blood these " neutrophilic" granules, which 

are »o small that except with very lugli 

powers they look like a diffuse staiu, 

riirely if ever occur except iu colls whose 

nucIeoB has readied the polymorphous 

stage. OccaBionally we seem to see wno- 

imclcar ticutrophilee, haviug a round iincleua 

with neutrophilic granules, but careful 

fix-ussiug usually shows that the appear- 

aiii« of a round or rod-8hai>eil nucleus is 

given by the tight coiling of the ribboii- 

Uke nucleus round one of its ends, or else Fio, ». 

that a horseshoe nucleus is seen from the 

jwint of view indicated in Fig. 2(1, Thus if the eye be at the 

|Ki)ut A the nucleus will ajipear of the shape indicated iu E 

(Fig. 26). 

iri) Thv r-ftsiHophile or " coarse granular oxyphils" cell has, like 
its pr«Hlece88or, a itolymoriihous nucleus and granules; but the 
nucleus is paler and more loosely connected to the granules, and 
the latteir are spherical or oval, of uniform size, and mucli larger 
than any seen in the neutrophilic cell. They have strong affinity 
for acid coloring matters (eosiu, acid-fuchsin, etc.), hence their 
name. In Bi>ocimens stained with eosiu or eosin and methyl 
Wue tliey are very brightly colored pink. With the Ebrlich 
triac-id mixture they are more of a copper or burnt-sienna color. 
Some individual granules st^iin much darker than others in the 
sume cell, and may be of a different nature. 

The eosiu opiiilcs are the mcjst actively amceboid of all the 
corpuscles, and it may Ih^ for this roasou that the different parts 
of the clI seem so loosely strung together. Or, if the hj- 
]ioth<Hia of Eanthack and Hard.v. recently supported by Stokes, 
be true their loose arrangement may serve to make them easily 
detached Inr bactericiihil purjKises (see above, page 59). The 
grannies may be all at one aide of the cell and the nucleus on 
th« irther, and in cnver-glaas sjiecimens we ver,\- fretjuently find 
actnal sejiaration of the two. Whether or not the actual sepa- 
ration is brought about by the technique of spreading the blood 
i<i uuimp<irtant, as we tind such broken cells much more often 
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atuou^ tlie eosiuoiihileH tliau among any other variety — whicb 
argues a loorter structure. 

Somi^times tliere aeem to be two or more distinct and 
sepuruta uucIgi in the cell, do " undergrouad connection" beisg 
traceiible. Tlie ({rauules ore seldom over the nucleus as we see 
it in corer-glasH iirejiarations, bnt cluster round it loosely. 

Tlie cell as a whole is usually a little smaller than the ' oeo- 
tropMle" ami more irregnlar in shape. In stained specimena 
tlie oeutrophile is seldom seen with a pseudopod extendeid. 
whereas the Ho.siunphile often shows it. 

The staiuiug of the nucleus is more even as well as paler 
than that of the neutrophile, an<l with the Ehrlich stain often 
has a roltin'fl-egg tint. To sum up: 

The four varieties which we usually find among leucocytes 
in the blood are these : 

1. SmaU lymphocytes, or " hyaline cells." 

2. Large lymphocytes and transitional forms. 

3. Pol yraorplio nuclear ueiitrophiles, or fine grnunlar oiy- 
philes. 

4. EosiuophileH, or coarse grauul&r oxyjihilea, 

fl. A flflh vnriety of leuci)cyte— the basophilic "masl cell"— haa Lately 
been described a» a constituent of normal blood, thoug^li in very amaU 
numberx. lo lfuka>niiH it is rery common, but no special signiHcaaMit 
attacheil to it. 

With Ehrlioli'H stain the liasopbilic granules of this oelJ are noiaaeo v 
appear only as clear white Bpola. Stained with the following •olUkS 
they are eoxily sepn 

Dahlia (saturated alcoholic solution filtered). ... BO 

Glacial acetic acid 10-18 

Distilled water 100 

Covers should be left twenty-four hours in this mixture, then washed and 
mounted in the ordinary way. The nucleus is usually trilobed. TbouKh 
»ery common in all connective tissue aa well as in the wall of the intecUo* 
■nd the serous cavities, these cells rarely stray into the circulating 

Teiims. 

No one can feel more unsatisfied with the terminolojjy t 
in this book than the writer. It rests partly ou a theory of the 
.origiu of the cells ("lymphocytes"), partly on the propertiea of J 
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the nucIenB I" polymorijliouucleiir"), and partly ou affinities for 
aniliue dyes (" ueutrophile" — "eoeinophile"). 

All tbat can be said for it is that it discards certain very 
luisleadiDt; names like "eplenocyte" (a t«rm applied by some to 
the large lymphocytes according to the now exploded theory 
that they come from the spleen), or like "small mononuclear" 
to designate cells not rarely polynuclear. 

The cnmbrous word " polymorphonuclear" is a shade better 
than " polynuclear," and that is all to l>e said in its favor. 

It is greatly to lie hopeil that we may ere lou^ have a new 
and iinjiroved terminology by some comjieteut student. The 
English terras above referred ta are so cumbrous that I have not 
as ypt felt comjwlled by their slightly greater accuracy to adopt 
them unconditionally, but they certainly show a tendency in tlie 
right direction. 

For some unknown reason we do usually find the leucocytes 
of the blood only in these four tonus (the freqaeut presence of 
traositiooal stages lietweeu "small" and "large" lymphocytes 
has l>een mentioned as an esceptiou). There are far too few 
trauHitional forms between the four varieties t^> be seen in tlie 
circulating blood for us to suppose that Ih&y grow from one 
type to another there. It may be that they all have a common 
leacxiyte ancestor and are ''s|>ecialized" in various extra- 
vascalar tissues into the forms which we meet with in the 
liloo<l. There seem to be well-marked sets of leucofjte fnrniB 
adapteKl res])ectively to the blood, the serous spaces, the intes- 
tinal wall, the marrow, the connective tissues, and the adenoid 
tuwaes, as has been well shown by recent English observations. 



Normal Pebcentaqe of Eac'h Variety. 

In the blood of healthy adnlts the proportions of the differ- 
ent varieties alwve described are the following : 

. . 1 Small lyitiphocytes 20-3(1 per cent 

I L»rge - 4-B - 

(6) Polymorphiniuclear neiitrophiles, 63-70 " 

ie) Kosinophileg, ...... t-4 " 

(d) -Ma-it rells," Vb"* 

(a) In infancy the percentage of lymphocytes ie much larger 
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(forty to sixty per ceut) and the i>olrmor])lioDaclear i 
philes are only eighteen or forty per cent. 

In a variety of debilitated couditioiia not usually thought of 
as definite diseases, the number of lymphocytes ia com i>aruti rely 
large and that of the polymorphonuclear cells small. The 
geueral vi^or and health of the individual cau sometimes \» 
estimated simply from the leucocytes. Persons calling tbMn- 
selveH well, but never Wgorous or active, may show no more 
than fifty per cent of polymorphonuclear cells, the lymphocytes 
niuninK up to forty or even fifty iter cent, 

N(^)t all cases of debility show tliis cliange, and we are not 
yet in a iiositiou to say under juxt what couditions it (hmhik. 
It certainly is not peculiar to tulterouloais as Holmes baa suf 
posed. Presumably the couditions are such as decrease the 
nutritive value of the iilasma. 

(6) Changes in the percentage of neutrophiles will be di»* 
cussed later. 

((■) The i)erceatage of Boaiuophiles often changes iuawuy hud 
to explain. We know that eosinophilea are present iu laiye 
nnubers in various partu of the ImkIv outside the blixxI-vesHeU 
(boue marrow, gastru-intastiual tract, ccelomio spaces, thymnit 
gland), and in many ways they seem to live their life in com- 
pnrative iiide]>endence of the other memVwra of the leucocyte 
group. 

In the free int«rcliangp of fluid and celk tliat is cnustaati; 
going on between blood-vessels and lymphatic tissues Jud 
spaces, it is evident that a jmrt uf the life history of the 1m^ 
cocytes goes ou outoiile the vessels, and there is reason to saf^^ 
IH>se that it is cliiefiv outside the vessels that cells divide and 
produce others like themselves. At any rate, we rarely find 
evidence of mitosis or amitnsis in the circulating leucocytai, 
while in the lymph glands and the marrow, ami elsewhere, »Tut 
dividing forms are common. 

The bone marrow seems to be such a dividing-idaco for 
eoeinophiles. They are always numerous there and mitoaeB are 
often seen in them. Indeed their namber is so small in normal 
circulating blood that the^ miglit aluiost be said to be there 
"by mistake," belonging normally elsewhere. Whether or Bot 
this hiw any connection with their active amo.'boid |>ropertiea, I 
do not know. The " mast cells" are even more " an accident" in 
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tlie blocxl, ami Ehrlioli denies that the.v are a constituent of 
uormnl blood. 

The iucrease or decrease of eoainophiles in the circulating 
blood does not follow that of the polymorphonuclear neutro- 
philes, in fact in often inversely projiortional to it, and the 
eoeinophiles are often markedly increased in a. blond otherwise 
normal, for reasons wholly unknown to us. 

An increase in the lymphocytes or neutrophiles does not 
ocxmr without other hlood changes, and points, not to disease 
of one place or function, but to t;oneral conditions like ipflam- 
mation or malnutrition. The diagnostic indicatiouK of an in- 
<Tease of the eosinoifhiles are more siiecific (vlilc iiifif, articles 
"Trichinosis," "Asthma," "Dermatitis Herjietitormis," etc.). 

I have six>ken of the eosiuophiles and " mast cells" as com- 
parative strangers, though not intruders in the circulating bond. 
They are thus intermediate between the regular inhabitants 
(lymphocytes and ueutrophiles) and the variety nest to be men- 
tioned, which are real intruders — i.e., never found in normal 
bl(>od. These are the 
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SItelocttes (EmiLicn). 



The normal ' abiding-place of these cells appears to be the 
marrow, hence thpir name of myelocytes or marrow cells. 
They are perbagis the most numerous leucocytes to be found in 
thfl marrow, although lymphocytes and polymorphonuclear cells 
are also to be fonnd there, and eosinophiles and basophiles are 
Dumeromt. 

I de-scril>e them here because they are pecnliar to no one dis- 
ease and are occasional visitors of the blood in various diseased 
conditions and in conditions on the borderland Iwtween the 
jiathnlogical and the physiological (starvation— various intoxi- 
cations). 

The myelocyte (see Plate I.), bko the ])olymor]>honuclear 

' Fraukel {15th CongresBe (ur innere Med., 1887) h»H reported the find- 
ing; of myelix-ytoB in tlie swollen lymph glanda of a caao of scarlet fever. 
In lenktemia they are found in the luetaatases and iaflltratious in various 
orgBBS ■« well «s in the blood. Oth»»rwiBe they sre confined t« the marrow 
no fmr as I know, except that very Hinall numhers may enter the blood in 
cooditions involving leucocytosiB or grave a 
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neiitrophile, is recognizable only by Ebrltch's Htaiaing methodB. 
Witli Ehrlich's triple stain it appears as a spliericul cell iiearly 
filled by a large, pale-staiiied micleus immersed id uentropliilic 
granules. One sees at once how little it differs from tbo loiKe 
lyiapliocytes (simply in having granules) and from the p<Jy- 
morphonutlejir neutropbile (only iu the shajw of its uucleua). 
Were it proHeiit in normal blood we should nudoiibtedly «jd- 
sider it an intormediate stage l>ptween the largu lyiupbocyle and 
the polymorphonuclear neutropbile, I see no sufficient reason 
for thinking otherwise merely l)ecause it due» not apiiear in 
normal blood. The leucocytes are sn co3mo|>otitaD iu their 
habits that we can hardly <^i^ tbem itlootl cells at all. It is 
better to think of "blood leucocytes," "gland leucocytes," and 
"marrow li^ncocytes" (jierbaiis "akin and mucous membrane 
leucocytes" too, seepage 117) and to consider that "missing 
links" among blood leucocytes are to l>e looked f<)r among 
those that live and grow up elsewhere. Perhain the condi- 
tions in the marrow (rest, nntrition?) are such aa bring oat 
sides of the leucocyte nature suppressed in the blood. StHining 
with eosin and methylene blue shows that myelocytes also coi- 
tain fine basophilia (blue) graunles. The suggestion of their 
transitional nature is thereby increased, since they have bast^ 
phile granules iu common with the lymjihocytes, and neutropluk 
granules iu common with the iioly mo rphn nuclear cells. I an 
indebted to Dr. H. F. Howes for calling lur attention to tliis 
{Kiint. With Ehrlicli's stain the grannies of the myelocyte an 
j>re('i«ely those of the polymorphonuclear leucocyte and need no 
secomi description (see Plate I.). The nucleus, by which alone 
we distinguish the myelocyte, shows none of the twists aud 
turns characteristic of the polymorphounclear neutropbile, bat 
is usually sriherical or egg-shape<l, aud is in close contact with 
the cell wall for a comparatively large ix>rtion of its extent — 
i.r., if e^g-shniied it is pliiced eccentrically. 

Not infrequently the nucleus shows signs of old age 
(vacuoles) or of mitosis, for not )ufre(]ueutly we find two naclri 
at the poles of the cell. It is then t«) be distinguished from Um 
polymorphonuclear neutrojihile by the fact of its having the 
nuclei in close contact with the surface of the whole cell for It 
fomiHiratively large jwartion of their extent, while in the poly- 
mor|iliouuclear leucocyte the nucleus abruptly leaves the snr- 
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^ees again if it (jliances to approacli it. The dividing mjelo- 
cyte is iilsn to be distinguished Irom the polymorphonuclear 
nentrophile by the evei) staining of the nucleus in the former. 

^^M Size of Mijdofyten. 

Almoet every account of the myelocyte which has come to 
my notice Hpeaks of it aa a very large cell, the largest variety of 
lencoc> te ever seen in the blood, 

riiia is true of inauj of them ; diameters of 18-21 it are not 
nncomnioQ, but we also find them of tvtnj other size down to 
10-11 /» diameter, that is, down to the size of a lymphocyte. 
This is true botti of the myelocytes in the circulating (leukiemic) 
blood and of those in the marrow. No distinction from other 
varieties of leucocyte can be based on size alone, unless we say 
their average size is greater than the average size of the leu- 
cocyte. Perhaps the following table may be of interest: 
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Averagi! diiuneter of IDO iiiyelncjtts = 15.75 u. 

" - u loopolymoqilionuclearneutrophilea = 18.50 k 

" " " 100 "large" lymphoi'ytes = 13 u. 

" - " HWeosinophiles = 12K 

- " - 100" Bmall"lyinphocy tea = 10*1. 

" - 4 100 red corpusrlea (normal) =7.8 (^ 

Eosinophilic Mi-elocytes. 



Under the same conditions where we expect to find the or. 
dinary (neutrophilic) myelocyte, we often find a small number 
of cells identical with them in all respects, except in possessing 
eosinophilic in jihiee of neutrophilic granules. Such cells are 
found in abundance in the marrow, and this fact together with 
the resemblance to the onHnary myelocyte both in morphology 
and in the conditions of their occurrence, seems to me to justify 
the term eoaiiiophUic myelocyte. 



^P CoENiL'a "Mark Cells." 

By most observers these are supposed to be the same as 
Ehrlich's "mark ceUs" or myelocytes. Coruil worked before 
the davB of Ehrlich's staining methods and therefore before tlie 
presence of neutrophilic granules could be used to distinguish a 
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myelocyte from a Urge lymphocyte. Coruira dcscriiitiou o( 
tliem would Eiimwer for either, Schreil>er cotisidera Cviniil to 
Lave discovered a different variety of uon-grauidar cell, but the 
description of it giveu by Schreiber seems to me to leave it in- 
distinguishable from a large lymphoc^'te. 

Monottudear I^eulrophilM. — Capps' observed in general paralysifl of 
the insane a variety of leucocyte possessiDg a ileep-BtainiDg ceDtrallj' 
placed nucleus like that of n lymphocyte, hut contaiiiiDg ntso DeutrnphUic 
f;ranulea. He consiilera it either a variation from the ordinary type of 
marrow -bred cell visiting the blood temporarily, or more likely an wdl- 
nary lymphocyte in which the ^raDules have developed before the nucleiu 
has become polymorphous. Thayer has observed similar cells, bnt baa 
given no explanation of them. Klein' mentions them under the name 
above given and flKures them in his ptatee. bnt does not oomment un them. 
I am inclined to think them ordinary myelocytes. 

So far I have described the type cdl of each variety. As we 
should exjieet, atypical forms are numerous. St^me of the com- 
mciuer oue3 nre as follows: 

1. Small lymphocytes whose nucleus is pale blue instead of 
dark blue. 

'1. Liarge lymphocytes, whose protoplasm has evidently for- 
sakeu them (degeneration forms, often more or leas deformed or 
tatt«red). 

3. Cells on the borderland between the " marrow cell" tind tbA 
"jKilymorphonuclear leucocyte," the nucleus having some of the 
t'haraoters of each ^■a^iety. 

4. <Jeil8 ta« uiitni'e of whono granules we cannot settle (eo^ 
uophilic or uentrophilic). 

Other rare varieties will be mentioned under leukipmiu. 

' American Jmirnal of Mediral Sciences, June, 18M. 

> Volkmann't Matamlung Uin. VortrAge, December, 1893. 
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CHAPTER VI. 

UNEQUAL DISTRIBUTION OF BLOOD— PLETHORA— DILUTION 

AND CONCENTRATION OF THE BLOOD. 

I. Unequal Distribution, 

How far is the single drop used for blood examination typi- 
cal of the whole? 

It has been exx)erimentally proved that specimens of the 
blood of the smaller venous and arterial twigs do not differ 
from each other materially in corpuscular richness. Capillary 
blood is slightly richer in corpuscles than that either of veins 
or of arteries. But as capillary blood is everywhere of the 
same corpuscular richness, we may consider one capillary net- 
work or set of venules as typical as another, provided our tech- 
nique is good, that is, provided lymph is not squeezed into the 
drop by strong pressure. It is indifferent, therefore, so far as 
accuracy is concerned, whether the drop of blooil be obtained 
from one or another part of the body. All standard estimates 
of the number of corpuscles per cubic millimetre of normal 
blood refer to capillary blood. 

2. Apparent Polycythemia. 

So far we are sx)eaking of normal conditions. It is a famil- 
iar fact, however, that the vessels of a given part of the body 
can be overcrowded with blood, e.gr., by the use of an Esmarch 
l>andage. A drop taken from such a part would certainly not 
be typical. Now as tlie same effect can be produced by a 
varietv of diseases, under these conditions we must modify 
considerably any inferences made from examination of a single 
drop. 
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Such i-ODilitioiia, eutaillug a false iiolvc',vthffimia or appi 
iucrease iu tlie uiimber of corpuscles are : 

I. Any disease involving either (a) geueral cyanosis c 
c\anosis of the part from wliich the drop of bloi^d is drawn. 

(a) Oetitrat cyanosw results either fi-oin cardiac iusuffieiency 
(valvular or parietal disease of the heart itself, blocking of tho 
luug oircultttion by emphysema or thromboats), from insufficient 
aeration of the blood (iineumonia, cuugeuital luiiUurtuatioa of 
the heart), interference with the heart's action by pressure of 
tumors, effusions (pericardial, pleural, i»eritoueal) , or enlarged 
organs (liver, spleen), or from vasomotor disturbancea. It is 
evident that some of these conditions {(-'j., congeuital llt^art 
(Uaease) may not involve any peripljeral Btasis ut all, and in tlie 
absence of this it is not easy to account for the inci-eased nnml>er 
of corpuscles in the drop. Some oljser^era have sujijxMied that 
there is a real overproduction of biixxl cella under these condi- 
tions; others suppose tliat the life of the individual corpuscle 
being lengthened, reproduction ot cells at the normal rate soon 
leads to the "glut." There scorns to be no reauou to suppoea 
that there is in these casee any ime<|ual distribution of cells in 
favor of the periphery, such as is obviously the condition ia 
ordinary cyanasis with stasis. Whatever tho explanation nuif 
l»e, there is no doulit of the fact tliat general cyanosis from anj 
whatever prrwlucea an increase of cells in a drop such M 
we usually examine. 

The cases ot cyanosis which I huve classed under " vaao- 
motor" (for want of a better explanation), aises in which, ia tha 
nliseoce of disease in auy organ, the skin and mucous mem- 
branes are i^ersistently and markedly bluish, are not vcrjr 
uncommon. I have seen three such, all in stont, elderiy 
women. In one the cells in a drop of blood from the ear, 
linger, or toe were more than double the normal number (see 
below, page 81). 

(li) Local CuaitonU.—Tixe pressure of a tumor, or any other 
hindnince to the circulation of any part, may give a similar id- 
crease in the number of corpuscles iu a measured amount of 
blood from that part. Here again vasomotor conditions mar 
cause cyanosis and apparent pol.scythiemia, 

In markedly cyanotic patients the count of red cells is notably 
above normal, we should naturally gues.-} the reason, and make 
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Error i! 



I 



is more likoly to arise where we have c, 
in a iiereon whose blood is poor iu red curi>u.sclea. The combi- 
uatioD of these two factors may give us a normal blood count aud 
lead UH to overlook the aiiicmia. Thus a i)er8on might have 
leally a severe anoamia and yet the count of red cells be actually 
above the normal. This element of staBis should never be lost 
sight of. Many high counts repoiied in yjueumonia or hysteria 
are to Ite explained by abnormalities not of prodwiion or iftetriic- 
tioii but of distrili'itimi of the blood cells. 

n. Certain patients, whoso circulations are feeble without 
being feeble enough to produce actual cyanosis, fimt give us 
evidence of the fact by an increase in the count of lilnotl corpns- 
clesinagiven amount of peripheral blood. Following up the 
Lint thus given, one may snmetimps be bmuglit to not* and iu- 
'estigate an element in the case which might otht^rwise have 
been lost sight of. 

With these exceptions the drop of bloml taken at the perii»h- 
er3' is ty]tical. We have next to consider some ijeneral con<li- 
tions under which a jiersou's whole bloo<l may be inferred to 1>b 
a1>u»riiial from the findings in a drop taken from tlie periphery. 
Consideration of s/xciVtZ diseases will follow later. 



Flxl-Bloodedse83 (Pi,ethoh.v) and its Oi'posite. 

There ia no direct m-idence ftir the existence of any long- 
standing over-filling or under-filling of the blwMl-vessels ; there 
is a good deal of experinientid evidence to show that if by arti- 
ficial means we succeed iu forcing iuto the vessels an almormal 
amount of fluid (transfusion of blood or normal salt solntinu — 
large draughts of water), it does not stjiy there maux liours, but 
comes out by tlie kidneys. 

The red-faced jiersous iK)i»ularly known as " full-blofnled" 
show no abnormalities in their blood discoverable by any means 
of iuvpHtigation knoii-n to us. The condition is probably de- 
pendent on the presence of a rich capillary network near the 
surface of the skin, or a dilatation of individual venules and 
arterioles at the i>eriphery. Such a person may be markedly 
anienitc without any considerable changes in the color of the 
face. Tlie fact tliat jieople of such complexion often end their 
lives with a ruptured cerebral artery is due presumably Xn the 
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circuiuBtance tliat " bigb living" produces iu the same indindiu 
dilated iieriplieral capillaries and weakened arterial walls, 

Temporary iuci-easo or diininutiou in tlie amouiit of flaid with- 
in the vesHeU can be broiigbt about not only by a change iii the 
mechanical couditinns of prensure and oRmosi», but by any infla- 
ence affecting the tone of the peripheral vessels. We have then : 

(a) Tciiijxtrarif serous plethora or dilulion of the blood from 
Lrausfusion of fluid in large amounts or its ingestion by mouth 
or rectum. 

(b) From decreased blood pressure, nt* in a^'uto failures of 
compensation in cardiac disease. 

(r) Fi-om vasomotor dilatiitiou. 

As an example of this last Grawitz reduce<l the specific grav- 
ity of the blo<xl frf)m 1041 to 1038.7 within eight miuutes by 
the inhalation of nitrite of amy 1. This deci'ease of specific gn»'- 
ity can only mean an increased amount of watery constituents in 
the biooi], as there was no c\-ideuce of any destruction of the 
heavier elements of the bl<>o<I, and only water (and chlorides) 
pass throu(;h the vessel walls easily. In the above case tlio 
specific gravity was again at 1041 within a few minutes. 

((/) In eases of severe ameiuia which recover, the bloml regen- 
eration may attain such vigor that the number of red cells sho<^ 
up abovf normal, even as high as 7,700,000. This is tctnporary 
ivUnlar plethora or polycythfemia, 

(c) The same condition can be temporarily produced bj 
transfusion of actual bloml from one individual to another. It 
lasts but a few days as a rule. 

The polycythfemia of the new-bom will l)e lUscussed later. 

Concentration of the Btootl. 
It is obvious that infiuencea opposite to those produoisg 
temporary fuU-bloodeduess will produce temporary lack of fluid 
within the vessels. So acute diarrhcea, purgation, depriratina 
of bipiids (as in starvation), rapidly accumulated seroos ^o- 
sions, profuse vomiting or sweating (by skin and lungs) produi"*) 
a tenii>orary concentration of Die blood by draining out its dtffnii> 
ible elements (water cbietly). All these influences are transitory. 
More permanent drains on the system, like chronic diarrbcfA, 
diabetes insipiilus or mellitus, or long-standing supptirations, 
ahow no evidence o( lessening the vohuue of blood in the vcBselB. 
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drain n.lbumm out of the seruiu ami corpuscles aud so 
decrease the weiybt of the blood (aee below, jiage «5), but the 
blood volume is not chiiiiyed. ludeod, any influeiiue has to work 
very quickly iu order to concentrate the blood, for in an aston- 
ishingly short time the other tissues repay the vessels their loss 
of fluid and the normal blood volume is restored. 
^H The same temjiorary effects eau be produced by influences con- 
^^ktricting the vessels (cold, pain, suprarenal extract) , and a conceu- 
^^^bntiou of the blood results which lasts a few minutes or hours.' 
^^V In all these interchanges of contents between the blood- 
^K Teasels and the other tissues it is, as above said, the watery ele- 
^V montti chiefly that change. The red cells are not afi'ected by the 
^ give-an<l-tako of the vessels and tissues, and although cold pro- 
duces in the peripheral circulation an increase in the number of 
v.'hite ciA\n greater than can be accounted for by simple coucen- 

Itrution, the weight of evidence seeras to be against any new pro- 
duction of cells and in favor of a change only in distribution, 
tiie white cells accumulating nt the periphery. 
Now as the number of cells is not afl'ected by these tempo- 
lary variations in the volume of litiuid witliiu the vessels, it fol- 
lows that the numljer to be count«d in a cubic millimetre, though 
tj'picjd of the whole blood at that time, is not to be reckoned from 
in the ordinary way. For example, after a severe diarrhoea or in 
phthisis after a mght-sweat the blood may be temporarily so 
concentrated that we find 6,000,000 or more red corpuscles ijer 
cubic millimetre. Under normal conditions of the blood mass 
we should infer fi'om such a count that the body contained oue- 
Bi^ili mort) red corpuscles than usual. Here obviousl.v it only 
means (if ansmia is absent) tliut the blood mass is reduced by 
oaEt-«ixtli by concentration. It is only in such sudden reduc- 
tions of blood volume that we can measure the amount lost by 

• Oliver has ehown recently (Lancet. Juno 27th. ]8B6) tliat any influence 
csiisiu^ rise of bliiod pri^saure will xliglitly coucentrate the bloocl. Thua 
ralaing tlie sriii over tlio head Hiid holding it there by muscular effort 
alightly concentrates the blood in that arm. Electrical Btimulatioa or 
niAieafic of the arm has the same elTf'ct. Loicering blood pressure, as 
when thearuiisHupportedpiMKii'f'^orcr thehend. dilut^'s the blood. This 
confirms the results of Mitchell {Med, News. May. 1993) and of Clieron 
(Cninptes Rend. d<> I'Acad. d. Sciences. 1890, No. vi.). Oliver uses a 
new metbod for estiinalioc Ihe nunihet of red cells, the accuracy of whioli 
hsa Dot yol been tested by others (see above. i>aKe 2") . 
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this method. LnDy-staQcliuf^ causes of draui oti the pla 
might at any time act aa destroyers of re<l oorimacle 
thri>uwh the chaogi>s in the iiutritive flniils iu wliieh they Uwl * 

Further, it ia oiily where we know the number of corpasolcB 
just before the sudden drain on the jilasma oomes, tlmt we ean 
measure the amount of plasma lost hy the amount of apparent 
increase in the red cells. Stasia anil auy other cause that hemps 
up corpuscles at the periphery mnut also be excludeil l>efore we 
can judge of the loss of plasma in this n-ay. 

The conditions of an abnormal ciiucentrntiou of the blotxl are 
those already alluded to as tein|>orarily sucking away its watery 
coustituents, namely : 

('() Watery diarrhtea, especially in cholera and other atnit* 
iliseaHes accompanied by diarrhcL-a; 

{b) Large uud rapidly accnmulatiug serous effusions (slow 
accumulations would give time for the blood to take up water 
from the tissues and make up for its loss) ; 

(r) Profuse sweatn; 

((/) Persistent vomiting or starvation of liquids; 

(t| lucreasifd blootl pressure (exercise, massage, electricity), 

Blood alreiuly lacMng iu red cells, if suddenly coneentratM) 
b}' such a loss of duid, might deceive us into snpixisiiig it 
normal, 1>ecaiise the number of cells in a cubic millimetre mt^^ 
l)e normal. In the preMfwe, tbeiv/mv, of any such retunnt far 
iiiiiceiitmtum of tlie blood, ive should always nuxli/i/ our orv/t- 
rtary metkodn of inference from Ifie blood count. For example. 
V. Liml>eck records a case of hepatic cirrhosis with ascit4.ia, 
where lM>fore tapping the ascites the count of red celU was 
3,2H(l,l)0() per cubic millimetre. Within twenty -foiir hours aft«'t 
tJippiug there were o,lijO,000 cells |>er cubic millimetre, tiie 
renci'unjulation of the ascitic fluid (foing on so fast that th« 
bloixl was unable to adjust itself and liecame overconceotrated. 
A careless oliservation might have inferred a great gain in Uie 
cori>uscular richness of the whole blooil, when in fact not a cor- 
puscle has lieeu gained and those present have probably ^^'ovm 
IMMjrer in albumin. 

Dilndon of the Blood. 

Causes of temimrary dilution of the hlood are less conunoD 
than those of temjiorary concentration. 



>lood are less comnaoB ] 
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Immediately after the inlialatiou of nitrite of amyl or the iu- 
gestiou of & large uuiount of fliiii.1 by mouth or rectum, the blootl 
would be diluted so that a blooil couut would show a diminu- 
tion ID the number of calls per cubic millimetre, which yet 
would be due to no changes in the number of red cells in the 
body, and might l)e WTOugly taken for an auiemift. The dilu- 
tion in cases of heart disease will be discussed later (see p. 296). 
Any Condition iuToMng loicertd blix>d pressure has tlie effect of 
diluting the blood by allowing the entrance of jjerivascular 
]jinph. 
K Summing up the discussion so far: There is uo evidence for 

■ % chronic (ilethora nnr for a chronic diminution in the volume of 
the blood. Where such takes place t«mi>orarily, it is by the ad- 
dition or subtraction of wat^r and salts only, and not of the cor- 
piuclee or organic materials, so that we must guard against false 
inferences from the resulting api>arent inci-ease or decrease of 
corpuscles per cubic miUimeti-e. 

But although there is no positive evidence of a true increase 

in the whole amount of blood in the vessels (except temporaril,v) , 

L^ere are some conditions which lead to an increased richness of 

■ the ;>er(pAcmi blood in red corpuscles even after escludiug the 
iufiuence of utasis or loss of fluid. 8uch a condition of whiit 
apfvarg to hv tnie polycythtemin is found: 

1. In persons living at high altitudes ; 

2. In jjersons suffering from phosphoms or CO poisoning. 



I. The Bl<ml in. High AUH>nle>i. 

The polycythiemia of those living at high altitudes increases 
the higher one goes. Koppe ' gives the following tables : 



Ptoca. 


Height 1>1«»K 


R....... 


Author. 


Chrirtianio 


O 

148 metre* 
314 " 

414 " 

435 - 

700 - 
1.800 " 
4.393 - 


4. 974. 000 
S, 33.5, 000 
6.322.000 
5.T53.000 
S. 748. 000 
5.900,000 
7.(»00 000 

e.O(Xi.ooo 


Lftaclie. 










Zurich. ..:':::::'":'":::" 


Stiprlin. 




KSppe. 
EgRer. 


Beiboldsgrftn 


TheOordilleraa. 







' MOncli. ined. Woch., 1890, No, 41. 
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This PxtrnDrdiuary cliaoye takes place tvithiu t 
the time of takiug up residence in a LiKh place, tuid independent 
of liny ciiiLDge iii diet or manner of living. The sick ami the 
well Hre e<inull.v affected and animals show similar cLan^ea. 
The hicniiiglobiu is also considerably iucreasetl, altlioiit^h it Uign 
Hotiiowhat 1>eliind the corpuscles. 

Ku|>pe states that the individual corpuscles under these con- 
ditiooa are so much smaller that their volume in a ^veu 
amount of blood (as determinetl b,v the hwraatocrit) is not in- 
creased at all. 

On returning to low land, the blood returns within a short 
time to its normal condition. 

Many explanations have been offered for this interesting 
|ihenouienon. If it were a true new production of eorpnm.-le8 we 
Hhonhl expect some signs of blood destruction (icterus, hirmo- 
Klobinuria) on returning to the sea level. But there art* no such 
signs. Oil the otlier Imnd, if the polycythiemia were a Himpto 
result of concentration due to the dryness of the high air, one 
would expect that the blood would ijuickly adapt iteeU, as in 
other (temporary) ooncenti-ations, by taking up water from the 
tissues. But in faet it does not do so. The cauee of tJie in- 
crease ia still a mystery. 



S. Phonjilioriis ai>d CO Pmnnnli 



'"'J- 



a i,r ' 



The polycythffimia of acute phosphorun poisoning 
reach as high as 8,(550,000. This may l»e partly explained by 
cimcentrutiou due to the occurrence of vomiting, but in some 
cases the increase seems out of projiortion to the amount ttt 
vomiting. 

With illuminnting-gas poisouing there is usually novomititig 
to s|ieak of, imd the cause of the marked increase in the rtd 
cells is unknown. Von Limbeck in two cases of CO poisoning 
showed respectively 6.630.000 and 5,700,000 red cells. Mnuaer 
and Palma' record 5,700,000. The white cells are also 
creased (see page 330). 

Powibillty of a True Pkthora. 

AJthotigh there is no dirvrt evidence that the whole Uood 
mass in its relation to the weight of the body ever variee i 
'Zeit. f. Heilk.. vol, 15. p. 1. 
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than temporarily from the traditional 1 to 13, one cannot help 
getting the impression in some cases that the blood mass is 
increased or diminished, though we cannot prove it. Thus in 
certain cases of phthisis in which in spite of aU the signs and 
symptoms of anaemia the blood count is normal, and simple con- 
centration of a really ansemic blood seems to be excluded by 
the absence of a cause for such concentration, we cannot help 
thinking that the whole amount of blood is too small. Again, 
it is possible that in individuals who eat and drink much and 
exercise little the blood-vessels may gradually accommodate 
themselves so as to hold a large bulk of liquid, and thus a true 
plethora or " full-blooded" condition might be brought about. 
Experiments show, however, that fat, "sedentary" animals 
(pigs) have less blood in proportion to their weight than lean, 
active animals (horses, dogs). Bigs' blood is only one twenty- 
second of their total weight, while horses' is one-tenth. 

I have repeatedly examined the blood in two patients with 
chronic cyanosis without known cause and found from 8,000,000 
to 9,000,000 corpuscles in each case. One of these patienta 
died of cerebral hemorrhage, and the autopsy revealed no lesions 
whatever except a stuffing of all the internal organs with blood 
and the results of chronic passive congestion everywhere. This 
certainly seems like a true plethora. 

Young, fast-growing animals have relatively more blood than 
adults, and males more than females. Our impression that old 
j>eople are more or less " dried up" gets some support from the 
snalogy of these animal experiments. 

Until some method is devised for estimating the total amount 
of blood during life, we shall never be sure upon this point. 
6 



^ CHAPTER VIL ^^^1 

^^^^^^^^^ AN.SMIA AND UYDR.£UIA. ^^H 

^V 1. Asxmjk. 

^H In tlie absence of any proof that tbe total volume of blix)d 
^H con be more tliau temporarily diminished, our defiuitioa of 
^^V anasuiia must be tbia : A dfjtdaicjf in corpuscle siibshiwe, i.t., 
^H a deficiency iu red corpuscles, in hemoglobin, or in both." 
^^1 It is important to bear in miud tliat the color of tlie skin ia 
^^M not a safe gmde in judgiuK whether a jteraou is amemic Thvw 
^^1 out of 100 cases shown to be amemic by actual blood esamiua- 
^^1 tion, TowiBeud' found a good color in the cheeks of 4 and a 
^^1 fair color in 7 others. Eighty-nine were pale. The color of 
^^M the lips is but little better as a guide, as the following t^^l 
^H from Townseud's nrtitile shows: ^HH 

^H Table of Culor tn One Hundred Cases of AntFmia. ^^B 




P«te, 


F«lr. 


ftwd. 


^H 


QG 
89 
84 
76 
M 


S 

7 

ir> 

31 
35,5 




4 , 
1.9 

2.4 [ 
10.ft j 






^m 






^^H My own impression would be that the lips and conjimctiva 
^H were better guides than they are shown to be iu this table. 
^^M In examining the cxlor of the nitils, the fingers shoold lie 
^H flexed, as full extension may partiv cut off the circulation under 
^H the nails. 

^^M < ThiB is a clinicAl defioitioD and iiiak^ no nttempt to go to th« root of 
^^M the matter. I have little doulit that chemical or otiier rhanges inUw 
^^M serum are the cauM> of the corpuscular ch&ngea. which only mirror Ih 

^^M that we have to judge of their prmence chiefly by their effect od th» mr 

^^M puacles. 

^H < Townseud : Boaton Medical and Surgical Journal. Jlay 38th. 1804. 
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A. K. Stone ' and his aBsistanta estimated the liEemoglobin 
of 189 female patients wiio looked auiemic, and found over 75 
per eeut of liiemoglobin in 89, or nearly one-half of them. For 
a woman a hspmoglobiu iierceutaye of 75 per cent or more 
means practically iiormal blood,' 

The most striking esample of the fallacy of judtjing of 
atuemiu by the color of the skin and mucous membranes is iu 
the so-called " tropical ancemia." Practically all persons belong- 
ing to white races who take up their residence in the tropics 
aci^Qire after a time an exti'cme pallor of the skin and mucous 
membranes, and this api)earauce has usually received tlie title of 
"tropical anosmia." It tuiiis out, however, from the carefiU 
studies of several different investigators, that the blood of such 
persons shows absolutely no anivmia or other variation from 
the normal.' The appearance of the skin is prolwibly due to the 
action of the extreme climate on the peripheral uerres and 
vessels. Tropical anemia is a condition not of the blood, but 
of the skin and subcutaneous tissues. 

Every one's exi>erience includes a few persons who are jier- 
fectly well despite an almost bloodless condition of the skin. 

On the other hand, anaemia may exist where there is a good 
color in the face. 

We are to judge of antemia, then, solely by the blood exam- 
ination, and this judgment can be accurately made on the basis 
of the small fraction of a drop used for examination, jirovided 
always that our technique is good, and provided we make allow- 
ances for a considerable error wherever there is reason to sup- 
pose that any venous and capillary stasis is present, or that the 
blood is temporarily concentrated or dikited-' 



DUHtiction beticeen Primary and Secondary Anamia. 

In one sense all an»mia is secondary. It is due to some 
cause, a symptom in a chain of events. But in some cases we 
know the cause and in some we do not. 

(a) Primary a nwmia is ikal in tfhich the causal factors are 

■ Do«Ion MedicaJ and Surgical Journal, AugUBt 23d. 1604. 
' Where the haemoglobin '\» high the number of corpUBclea ia never con- 
si d^rablj- diroiniahed. 

'So far aa preeenl methods of examination go. 
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either entirely wihiown or are apfmrettijy hiattffinent to route 
aerere n diseune. This division, like mo»t of i>ur HtateueDls 
about the blood, is a i-ouKh-and-ready one, belil to provisioitall.v 
tiiitil a better claRsifieation is discovpred. It baa a certain utility 
if uot used with any less simi^le meiuiia^ thnn that given above. 

In view of nur i^^orauce of the blooil- making functions, there 
is little ditfeieiice between saying that a ])rimary anicmia is a 
disease of the blood-making oi'gaus and saying that it is one 
whose cause is nuknown, especially as the jnUhological ajiiteai- 
ances in the Itoue marrow reconled in cases of et>-calle(l jiriuiarj' 
anienna do uot differ from tliose wliich tan be brou>;ht about 
experimentally by lileeding. Tliere is no gooil evidence that 
there are any primar\' diseases of the bhKxI-making fani-tions. 
A case of secondary antemia is one in which we have aa 
obvious cause snch as liemorrhaye or malaria for the loss ii( 
corpuB<.>le subabuice. Kemove the cause and the ann^niia oeas«<s. 
Sometimes, however, after removal of the cause, c.ij., aft«r 
core of a case of syphilis, the amemia set agoing by (he Bvpb- 
ilis persists. On the other hand, there are few jiatienta with 
"primary" aniemia who cannot recall some event in their past 
lives snfficient to account for a tvrlain gmi/e of amrmiit {e.g., • 
cervous shock, a lieniorrliage, an attack of tertian nuilaria). 
Tet if the auteiuia that occurs after so slight a canse is of tlw 
pernicious or fatal type, we may fairly call it "primary." By 
this we mean that though the "cause" assigned might prodao* 
sopie auiomia, it was not sufficient to produce thin fata) ftn»iKni». 
and has presumably little or no connection with it. " Primary" 
means not the absence of any cause of an«>mia iu the histovy, 
but the absence of any snJUcifiit cause bo far as is known. 

An attack oftertian malaria or a history of bleeding jnlea doM 
not cause fatal amemia in tHH) <mt of 1,000 people who have Bttcll 
a history. In the 1000th it is a case ot jxw( hoc aud not propter 
h'^: (iivfiu the unknown cause that does lead to " primary" at»* 
Himia, and it might 1>e that a pregnancy, a nervous shock, or 
the presence of intestinal parasites would act as the straw that 
breaks the camel's back; but /Ac iviporlmif. itniml farlor is tltt 
unhiotnt factor. It is, then, by their etiology and not by lb«ir 
Bymptoms or b.v the blood examination alone that we ilJHtimmi^li 
primary from secondary amemia. 

It is true that in the majority of cases we can tell from tbft 
blood examination alone whether a case is without known cans* 
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{= "primary") or ajinptomatic (= "secomlarj"). But there 
ap^iear to be enough exceptions to this rule to make us cautious 
about stating it aa a law. 



To be discussed under 
Special Pathology iif 
tlie Blood, Chapter 






= i ^'°'*^= (Pernici 
[ Secondaiy. 

Secondaf-y Ana-m!a. 

I, First Stage. — I defined anEemia above aa a (lirniiattion in 
•/imde substance. In the niilder types of this condition the 

iber of red coriiuseles is not diminiBlied at all, hut tlie indi- 
lual eell is small, pale, and of light weight, through loss of 
itro^enous matter. This is appreciated : 

(n) As a lack of colorintj matter; 

(6) Aa a lowering of the specific gravity. 

In the mildest grades of secondary anaemia there are do 
further changes. Such cases are those duo to eiToru in hygiene 
— bad air, i)oor fooil, lack of light or exercise— to small hem- 
orrhages, and to the eai'lier stages of tlie diseases neict to bo 
mentioned. 

The lack of coloring matter is usually not present in every 
oril, as is seen in the stained specimens. Some are very pale at 

centre, while others are well stained. 

IL Second Stage. — Usually the next changes to appear are, 
like those already mentioned, qualUaliec, the number of rod cells 
still reniaiiiing normal or approximately so. 

The individual cell aa seen in fresh preparations is more or 
less deformed and varies from its normal diameter, dwarfed 
fnrms iwually being commoner than the giant forms. These 
Tariationa in size and shape are sometimes termed "poikHocii- 
lo*if," and the dwarf and giauC forma aie called respectively 
microcytes and raacrocytes. 

Maragliano ' haa included the above changes, tt^ether with 
others about to be described, under the heading of 

Xecrobinftig in the red cwpiisckt, attributiug them to a patho- 
logical condition of the aermn. 

The changes united under this heading may be dirided for 
OODvenience' sake into: 

(a) Endoglobnlar changes. 

■XI. CODg. t. lun. Med., Leipzig. 1883. 
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(h) PoikylocjHofliB and crenntion. 
((■) Chauges in staining projwrties, 
{(/) Changes involving motility in the *-orpii»flo an a wlmlc, 
or in parts of it. 

(e) Decrease in the average diameter of corpusclea with loos 
of tlie I lower to fomi rouleaus. 

All these cluuiges may he watolied in normal blood oataide 
the vessels, as necrosis gradually comeii on from contact with the 
air. Under patLolo^jioal conditions the same changes may 
occur vtilside the hwty, but 
more quickly than nsuiil 
(as other diseased tissues 
docomijose more quickly 
after death than those of 
a sound man suddenly 
killed), or i»Kide the hodij. 

((?) EjuioglufiiilarC/ianrjra 
(see Fig. 27, a).— Th»*e 
consist in the api)earaut-« 
of clear hyaline spaces i:if 
various Bhaj>es within ti\« 
corpuscle, round, triaoga- 
lar, rod-shaped, etc. In 
the fresh si^ecimen thejr 
change their shaiw rapidly and continually; in dried aad 
stained sjiecimeiis they appear as sharply outlined light spaces 
in the corjtuscle. In normal blood these changes occur after 
thirty to seventy minutes outside the vessels. In some patho- 
logical conditions si^cimens show them the instant the blood 
is collected, and jiresumably they were present befon> it left (be 
vessels. 

(b) Crenaiion and PoikUocytoats (Fig. 27, b). — What we 
ordinarily know as crenation in the corpuscles is the same sort 
of process which, occuriug within the vessels, we call jraikilocy- 
tosis. A lump rises at one or more points in the corpnsde, 
becomes more pointed, and gradually the whole cell acqnins 
am<eboid motions, assuming in succession the various shapes 
with which we are familiar in poikylocytes. 

(r) Tlie pointed projections may break off and move aboni 
actively in the plasma. These motions, as well as the preceding 
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I movemeut of the wbole t-orpuBcle, are to l)e explained 
lis irregular contractions of the iieci-obiotic protoplasm, similar 
in. Ji general way to the actions ot a hen after its head is cut off. 
These niotiDiis are ntit to be confounJetl with the finer Brownian 
• "molecular" movemeut to Ije Been in any healthy cell. The 
nail bits broken off (Fig. 27, c) are douhtlesH the dwarf cells 
. dried and stained preparations. Curiously enough, 
KQiese fragments tend again to assume the biconcavity character- 
tic of normal cells, as a drop of fat lireaks into smaller but 
uilar drops. 




(i/) Ofa/ S/inpe. — A great many cEises of pemicioas anssmia 
1 some other diseases (see Epidemic Dropsy, page 240) show 
tk iBHjked tendency to oval shaiies lu corpiiscles not otherwise 
considerably deformed. Even in normal blo<Kl I think tliere 
are a small number of oval forms, and in amemia this number 
may be greatly Jncrease^l till, as in Fig. 2S, we get all the cells 
elungHbKl. The same a|ii>earance can be produced by roughness 
in spreading the blood, but in such case the deformed corpuscles 
»li jioiut one way. 
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(e) Changes in Stainintj Properties, — Normal red corpuscles 
liave affinity only for acid stains (eosin). The same degenera- 
tive changes that lead to the alterations in shape and size above 
described alter the staining proi)erties of the cell as well, so 
that it takes up two or three colors (according to the number 
present in the stain), either as a diffuse mixture or irregularly, 
some parts of the cell taking color differently from others. This 
has been termed a *^ polychromaiophilic" or degenerative change. 
Some observers have supposed it to be rather of the nature of 
regeneration^ believing that the cells take color in this unortho- 
dox way because they are half-developed, but the weight of evi- 
dence is that they are degenerative changes. 

if) In many secondary auBdmias, especially in those asso- 
ciated with inflammations, the average diameter of the cells is 
lessened, and the rouleaux are not formed.* 

{g) Cells may lose their haemoglobin altogether, leaving 
only the shell of the corpuscle behind (see Fig. 27, d). 

Now all these necrobiotic changes are characteristic of the 
severer grades of secondary anaemia such as occur in cancerous 
cachexia, phthisis, nephritis, etc. 

The changes of staining affinity are less common than the 
others, and usually represent the severest grades of ansemia, but 
they have also been noted occasionally in smallpox, measles, 
scarlet fever, typhus, and purpura. 

In pernicious ansemia they are, as a rule, much more common 
than in any other disease. Maragliano considers these degener- 
ative changes to hoi due to toxic plasma. A lessened resistance 
to the ordinary plasma-environment on the part of the red cells 
would also explain them, and in such affections as x)aroxysmal 
hsemoglobinuria it seems the most probable cause. In syphilis 
the abnormal sensitiveness of the red cells to the influence of 
mercury seems another instance where the red cells are imma- 
ture, decrepit, or weak. In syphilitic children, for instance, 
mercury easily gives anaemia, while in healthy children it does 
not. This will be discussed more fully under syx)liilis. 

The necrobiotic phenomena above described have been ob- 
served by Maragliano in carcinoma, lead poisoning, leukaemia, 
I)emicious anaemia, purpura, cirrhotic liver, nephritis, pneu- 

> But in the severest forms of anaBmia the diameters are apt to be in- 
creased (see below, Pernicious AnaBmia) . 
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monia, malaria, typhoid, erysipelas, and tuberculosis. Celli 
and Guamieri (Forfschritte der Medtein, 1889, No. 14) found 
them in measles and scarlet fever. Weintraub (Vtrchme's Ar- 
cAir, Vol. 131) noted them in epilepsy, pysemia, and catarrhal 
jaundice. 

A decreased resistance to pressure of electric currents and 
other influences has also been noted by v. Limbeck in some 
oases. 

Such weakening of the red cells experimentally produced in 
animals by x)oisons has been found (Mya and Sanarelli, Arch. 
ital. di Biolog., XVII., 1892) to increase the susceptibility to 
infectious diseases. 

m. Third Stage. — Here the number as well as the quality 
of the red cells begins to suffer. So far I have mentioned only 
the qualitative changes in secondary anaemia and have purposely 
made these changes more prominent than the actual diminution 
in the count of red cells, because it is only comparatively rarely 
and in very marked cases that the diminution in red corpuscles 
ifl considerable. The blood characteristic of most cases of sec- 
ondary anaemia is one in which the number of red cells is ap- 
proximately normal. 

The important exceptions to this rule are: 1. The anaemias 
of infancy and early childhood. 2. Large hemorrhages (soon 
after their occurrence). 3. Malaria. 4. Acute septiciemia. 

The direct and rapid destruction of the corpuscles by the 
malarial organism or hemorrhage account for this. Of sepsis 
and the anaemias of infancy we shall speak later. 

IV. Fourth Stage, — The blood of secondary anaemia shows 
often evidence not only of degeneration and destruction of the 
cells but also of regenerative changes, namel\' : 

Nucleated lied Cells. 

These are usually divided into three groups 

(a) Normoblasts. 

(b) Megaloblasts. 

(c) Microblasts. 

Normoblasts, 

(a) The first are normally present in moderate number in the 
bone marrow of healthy persons, and in great numbers iu the 
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marrow after liemorrliajse. They ai-e K^UPfally conaideral too 
a yoiuigEir Btage in the life of the corpuscle than the nnii- 
nuuleatixl forms seeu in the circulating blood. Heuce the a]>- 
l>earauce in the peripheral circulation of thia form n( uuclejit«d 
cell is ci-iiiaidercd to mean that, in the comparativelj- plentiful 
reimnluctiou of red cells called forth in the marrow by the 
anaemia, a certain numlter of red cells leave the nursery (thf* 
niarrowj before they are grown h|j and circulate for a time iu 
tlieir immature state. A noniioli!««t, then, represents an im- 
mature retl corpuscle (see Plate IV.). 

In size and color it is like an ordinary red cell except that we 
tind, usually somewJiat to one side of it, a round nucleus alxiut 
one-half the diameter of the whole cell. With Ehrlich's tricolor 
mixture, this nucleus stains very deep blue, nearly bhick, and i» 
sharply outlined atjainst the pale yellow of the cell botly arouud 
it. 

The cell often looks as if it were pushing its uuclens nut. 
I.e., in many instances we see the nucleus projecting over the 
edge of the corpuscle, or half out of it, and occasionally we fin>! 
it lying beside the corpuscle from which it has just nmerge*!; 
hut this api>earance is proltably an artefact and uot, as Ehrlioh 
thought, the regular way of dis|)osingof the normoblast uncleus. 

Very freipiently the nucleus has toward the centre ft light 
B]K)t, sometimes so brilliant that it lixjks like the reflection of 
light from the surface of a drop of ink or any dark liquid, what 
artists call the "high light." Occasionally there are several of 
these light spots in a nucleus, or it may be vM light blue-t^ray ex- 
cept a dark blue rim. This is the commonest type of uortau- 
blast. But now and theu we meet with one when the nucleus 
is more or less sejtarated into two or more pieces. These pieces 
are usually eouoected by pale-staining "l)ridges," perhajM ra- 
diating from a centre so tliat the uncleus is "rosotte-shaiietl," 
or it may take any one of a large number of different shagios. 
Tlie parts of the nucleus which are ueareut the i)eriphery of the 
cell usually stain deeper than the "bridges" which join them. 

Sometimes the noclens breaks apart completely and we find 
two or more separate unconuecte<l nuclei within the single cell." 
Or one of the pieces may 1« outside the cell and the others iiiside. 

' Aiiparently the nucleus is absorbed or deg«neratM (see Israel and Vvp- 
{•enlieim : Vtrcliow"9 Arehiv. vol. 143). 
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3st of all 18 the appearance of true mitosis in the nnclens 
1 nonuoblaat. 

Miyali'h/fDifs. 

(6) The typical megaloblaHt as usually described is so unlike 
s normoblast that we should not naturally think of them as 
near relfttious. 

It does not occur anywhere in the healthy a<luU body, not 
even in the bone marrow. In the early foetal marrow and in 
Uie marrow and circulating blood of grave forms of anicmia it is 

Kfc> be found, usually iu comjiany with a, certain number of uor- 

Paioblasts, 

Elirlich described megaloblast» as the sign or product of 
a different type of blood formation, namely, the /•re/ul ty/>e, 
and considered those anntmias iu which it occurs as tend- 
ing to a return of the blood to the fa>tal state. [This has 

hbeen recently confirmed by the researches of Pappeufaeim, 

LiJiou^h Ehrlich's detailed theory of two methods of blood 
forraatinu is now generally discredited. All nucleated red 
cells lose their nuclei by "absorption"; none by extrusioo. | 
Ehrlich reganled the presence of megaloblasts aa a bad prog- 
itotitic si^n, aD<l believed that a pernicious or fatal aniemia was 
characterizetl by an esi*«s of these cells over the normoblasts. 
He recognized that they might be found in various milder 
fiirms of anemia; but here the jirernlUug ii/fw is the normo- 
blast, and regeneration may be more active than degenera- 
tion. In his general conception of the prognostic import o{ 
mc^aloblasts Ehrlich 1ms been supported by the weight of 
later clinical oltservation, although it has been shown that the 
aDxmiia due to intestinal parasites can l>e cured, despite the 
]ire«encn of the megaloblasts as the prevailing type of nucleated 
re<I cells. So far as I know this is the only exception to 
Ehrlich'H mle. 

The typical megaMilrutl is an abnormally large cell (11 to 20 1^ 
in diameter, frequently showing marks of degeneration (poly- 
chromatophilia) in its protoplasm, which is therefore brownish 
or jmrplish witli the Ehrlich-Bioudi stain. Its nucleus is very 
large, filling most of the c-ell, and contrasts with the normoblast 
uacleus not only by it« greater size but by the pale, even stain 
wliicb it bikes op. The commonest color of the nucleus with 
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tlie Ebrlich-Bioiidi Btnin is ]iale greeu or robin 's^egg color. 
It is not stained evenly but dotted over with purplish granules 
arranged in a fine mesh like the knots in a fish-net (see Plate IV. ). 

Outside the nucleus there is usually a narrow baud of clear 
whit«, (ipparently iin empty space, separating the uuoleos from 
the encircliug iirotoplaam. The protoplasm close round this 
colorless ring is usually stained more deeply tlian tlio rest ot the 
cell. Cracks and " flaws" are sometimes to be seen in the proto- 
plasm, giving evidence, as ita purplish stain does, of the uecro- 
biotic changes descril>ed by Maragliauo. 

The outline of the whole may lie <inito circular: oftener 
oval or somewhat irregular, but rarely much deformed. 
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MiaiJiI'isfH. 
(c) Microblasts, which are rarer than either of the vari< 
just described, consist of a nucleus like that of a normoblast " 
smaller, and coutainetl iu a cell Inxly smaller than the normal 
red corpuscle. In the writer'H experience the cell b^nly is usu- 
ally rwluced to a few sliix'ds of discolored protoplasm hanging 
about the nucleus (see Plate tV.). Their clinical significance 
is usually supposed to be that of megaloblusts. 
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Ab a rule we find iu a given 8i)eeimen of blood only ij\ 
nurmoblastti, microblasts, or megaloblasts, and accordJngl; 
easily reckon up the number of each kind and see which ty 
blood forniution predominates. Sometimes there are a few ("eUs 
present, al>out the classification of which we cannot come to a 
decision, and I have occasionally seen a sitec-imen of blood cun- 
taiuJDg a large numlier of nucleated red cells ho ont of why'k 
cnnid strictly be classed either as n "normoblast," a "megalo- 
blast," or a " microblast, " as these are defined above. 

The researches of Pappenheim have thrown much U^ht on 
this difficvilty. AMiilu insisting with Ehrlich that the megalo- 
blast and the normoblast represent respectively the early fiftnl 
and the post-uterine types of blood formation, and tliat there 
are no real "transitions" from the one to the other, he yet 
recognizes that the two varieties are uot nltsulutrhj to be diffor- 
eatiated by any of the ordinarily accepted criteria such as size, 
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PLATE IV. 

(1 ) w, m, w, TO — Young megaloblafts. 

(2) D,D,D,D; the upj^er tito are pruUiblj oM normobkuts with de- 
generatiDg nuclei, and the lower two old megaloblasts with nuclei is a 
aimilar condition. 

(3) o,OyO,Oy etc. — The two cells in the lower right-hand comer are 
probably old megaloblasts whone nuclei are nearly absorbed. The three 
cells immediately to the left of these are probably young normobkutt — the 
lowest one being the youngest. The other four cells marked "0,0,0,0* 
(those to the extreme left) are probably middle-aged megaloblcuts. The 
two labelled ^ Norinoblasts'' are really old nomwblants. The appearance 
of extrusion of the nucleus on one of them is probably an artefact. The 
large cell on the extreme upper right-hand comer is probably a megalo- 
blast with a " pyknotic" or oedematous (dejrenerating) nucleus. 

(4) In the young or *" typical" megaloblasts (m,m,m,m) note the white 
line around the nucleus, the variations in its tint, and, in two of them, 
the discolorations of the protoplasm (poly chromatoph ilia), especially near 
the nucleus. The lower of the two cells in karyokinesis shows this best. 

(5) In the microblast note the ragged edge of the protoplasm. 

(6) In the lower portion of the plate ("ce//« deformed in size or ahape^) 
an actual field from a case of pernicious anaemia was copied. Macrocytes 
(or large cells), microcytes (or small cells), and misshapen cells or potW- 
locytea are sliown. 

(7) The "" polychroviatophilic cells" in the lower righxrhand comer were 
stained with the same mixture as those to the left of them, but have taken 
up other colors besides the orange G, which alone is taken up by normal 
red cells. 
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color of nucleus, etc. Most '"megaloblasts," he admits, are 
larger than most normoblasts, but there are occasional giant nor- 
moblasts and dwarf megaloblasts which by size alone are indis- 
tinguishable. The large, pale, delicately netted nucleus of the 
"megaloblasts" is simply a young nucleus. All young nuclei 
are relatively large and pale, while the small dark nucleus of 
the normoblast is simply an old or degenerating nucleus. The 
recti criteria of the two varieties, according to Pappenheim, is 
not the size or color of nucleus nor of the whole cell, but the 
structure of the nuclear network. This is a point diflScult to 
make out by ordinary staining methods and not, easily appre- 
ciated. Luckily for us, most "megaloblasts" are larger than 
most " normoblasts ;" and further, most of them as seen in the 
blood are young {i.e., have large pale nuclei with delicate chro- 
matin network), while most "normoblasts" are old, as shown by 
their small, dark, coarse-skeined nucleus, so that in the majority 
of cases Ehrlich's criteria for the two varieties are sufficiently 
correct for diagnostic purposes. Pappenheim of course wishes 
to abandon the terms " megaloblast" and "normoblast" alto- 
gether, but since size still remains the most easily recognized 
criterion of " megaloblasts" and " normoblasts" I shall continue 
to use the terms. On the chances, then, any nucleated red cell 
over 10 /it diameter should he classed as a megaloblast whatever the 
appearance of its nucleus, and any nucleated red cell under 10 /jl 
diameter is probably a nomnoblast whatever the appearance of its 
nucleus. Microblasts simply represent degenerating forms 
(usually normoblasts) whose protoplasm is falling away. The 
clinical significance ot the two varieties is just such as Ehrlich 
supposed. [These points will be made clearer by reference to 
Plate rV. and the remarks intended to explain it.] 

In most cases of severe secondary anaemia we find a few 
normoblasts. In verv severe forms, whatever the cause, we mav 
or may not find an occasional megaloblast. But these are 
much rarer than the normoblasts, even in the severest types of 
secondary anaemia. The only exceptions to this rule are the 
anaemias due to intestinal parasites, in which, though secondary 
and curable, the megaloblasts in some cases predominate over 
the normoblasts. 

Summing up the changes characteristic of secondary 
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auicniifL, which includes almost all tbe important patbolo) 
appearances i n^cnniuj^ iu i-pil cells, we have: 



( (") Lack of liffiiiogloltiii. i 
I. ■ (b) Lowered s jt e c i fi c - Clia 



m. 



■ (i) Lowered s jt e c i fi c - Clmracteristic of niilil cai 
( gravity. i 

U. The above and necrobiotic | ChuriK'teristic of mixlerale 
changea of Maragliaiio. f cases. 

( (a) Lack of red cells. 1 

I (h) Presence of uoraio- 1 Chflracteriatic of severe 

blasts and the above { raBea. 

1 (I. and ID. J 

rV, MegaloblastH and the above ( Characteristic of ver,v ae- 

(I., II., and m.). f Tere cases. 

The chunges iu the white cells will be discussed iu the next 
chapter. 

Aniou^ the coniuiouest causes of secoudary autcmia are: I. 
Infective and febiile diseases, acute or clirouic. U. MaliKUaut 
disease. III. Chronic suppurations, nephritis, chronic d.vsen- 
tery, cirrhosis of the liver. rV'. Bad hygiene, pregnancy, (iihI 
lactation. V. Intestinal parasites. V7. Poisons (leatl, arsenic, 
etc.). 

To discuss the way in which each of these intlaeuces acts 
in producing anismia ia tempting, but falls ontside the plan of 
this book. 

The following are good examples of the condition of tfa« 
Wood: 

SBOONDARY AVMittA. 



Poet-in»l«Tial. 

After 7 days' treatnieDt 

- 14 . 

- 34 - 

- ai " 

•■ 43 " 
Post Ilia l&rial. 

Post-liemorrhagic (8 hotira). 
PoHt-lieniorrhagic ( b 1 » e d i tt g 

fibroid). 
AfMr aliortion n-iUt heiuorrhaga. 
Chronic dysentery. 

Differeuti&l count in case 6 showed polynuclesr cells. 06.3: mj«lo- 
cyt«R, 1.4; 8 DOTiDoblafits. S megaloblAste — seen in coUDliog 400 l«nco- 
cylee. 



1.65fl,0«O 

3.04H,000 
l.WW.OOO 
l,5«8.l)«ll 
4.248.000 


3,300 
3,S00 
8.2110 
1.300 
2.300 


3.306,000 
2.1M.000 
3.340.000 


'sisoo 

5,400 
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2. Hydremia. 

(a) Seen from the opposite point of view almost all cases of 
amemia are hydrsemic. That is, if the total volume of blood is 
to remain approximately constant (as it appears to do), any loss 
of solids (corpuscle substance) must be made up by water taken 
in from the tissues. Hence any anaemic i>erson's blood is thin, 
watery, or hydraemic. Women's blood is somewhat more 
hydnemic than men's, because less rich in cells. Ordinary 
chlorosis and secondary anaemia show no more water than 
normal in the serum, but the cells are probably somewhat water- 
logged. 

(fc) In many conditions of dropsy, whether from heart or 
kidney, we may have more water than normal, both in the 
plasma and in the corpuscles themselves, which are capable 
of taking up considerably more than their normal amount of 
water. 

(r) Any temporary dilution of the blood under the conditions 
mentioned above (ingestion of liquid, lowered blood pressure, 
etc.) is from one point of Wew a hydrsemic condition. 

No special clinical significance attaches to it other than that 
of anaemia, whose correlative it is. 
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Much confusiou lias been caused in the past bv the failtm 
to see Id leukemic blood auythiug more than au extrome aud 
permaneut form of leuoocytosis, while leucocytosis was thought 
of Hs a mild and temi>orary leuktemia. 

We know iiow that they are totally different phenomena, 
differing not in the number, but in the ktml of cells jiresent in 
tlie increased numliers. 

Pejiiiltioii, 

There are many difficultii-s in defining leococytosis. To my 
mind the term is best used to mean :. Au tncrrtiae in the number 
iif leiictictjtes iit tlie jtcnpheml blood ocer the number nonnal m tht 
iiidivttlttal case, this increase never involving a dimimtliim in the 
jyilijmorphonudenr varieties, but generally a marked abmhite and 
relative gain over the number jjreviouslif prestnt. 

((') I say " iu the peripheral blood" because certain otv 
servers hold that leucucytosis is not a real increase in the 
total number of leucocytes in the blood, bat only au ^UT 
of dlHtribntioii, the cells l«?ing drawn or attracted to tlip i>e- 
riphery and out of the internal organs. Whether this tlieory 
be tnie or not, it is accurate to say that in the drop whicli we 
draw (whether also in the internal organs or not), the leuco- 
cytes are present in increased unmbers i^r cubic milliinirtre. 

{b) In irersons not usually to l>e considered sick, but sira^Jy 
giiiiiewhat wizRUrtl or ill-nourishetl, the normal count of whit« 
cells may be as low as three thousand i>er cubic milUnjetre. 
For such an individual tea thousand cells per cubic millijaiftn 
would 1« a decidetUy pathological condition. On the otlu>r 
hand, there are persons, usually 'those of notable vigor uitl 
g(K>d nutrition, whose white cells rarely fall below ten thonsand. 

Obviously we must take account of these differences both in 
our definition and in our practice if we are to reason corrpctl» 
from the data of blood examination-. 
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{c) Further we must lay Btress upon the varieties of leuco- 
jytes whose increase constitutea leucocytosia in distinction from 
nther variety of leokeeuiia (splenic- my elogeuoiis, or lymphatic). 

For instance, given a count of eighty thousand leucocytes 
>er cubic millimetre, we cannot tell without knowing the vii- 
rieties of cells present whether the case is a genuine leukfeniia 
or a merely leacocytosia symptomatic of pneumonia, suppura- 
tion, malignant disease, or other conditions. 

{d) Thus defined leucocytosis is of two kinds. 1. That in 
which the relative proi>ortions of the different varieties to each 
other ia unchanged. 2. That in which the increase is made up 
Bolely or largely by a gain in the jiolymorphonuclear leucocytes. 

The latter includes nearly all {latholo^ical leucocytoses, the 
farmer I>eing confineil chieflj' to the physiological leucocytoses 
nest to t>e described. 

(e) Lastly, in order to Ije sure that the polymorphonuclear 
ct'lis are not decreased, we must know ivlmt the normal percent- 
age /'or that iiiiiicvjaul is. The normal percentage of these cells 
in infancy is from twenty-eight to forty i>er cent. In adults it 
is much higher, but varies like the total count, according to 
conditions of nutrition, etc. Thus the normal for adidts is 
nsnallj set at from sixty to seventy i>er ceut, but no one indi- 
vidual's blootl shows such variatioiis in health, and if we 
inclode the obviously ill-nourished, but not actually sick, and 
ako those in blooming health, we shall have to widen our nor- 
mal limits considerably. From fifty to soventy-five per cent 
am within normal limits according to the above conception. 
But obviously we can make no absolute judgment by a standaitl 
BO vagne. It is much better, I think, to consider each indi- 
vidual as his own standard within these limits, his count of 
polymorphonuclear cells being a fair measure of the soundness 
anil vigor of his metaliolism. Thus, in an obvionslj' debilitated 
individual, we should consider seventy-two per cent of these 
oells very high, while in a vigorous athlete it might not be so. 
It ia the endeavor to include all these limiting conditions 
that has made my definition so long and involved. It gives us. 
if it tarns out to be true, some better way of classing indiWduals 
tlian as " sick" or " well" as regards their blood state. We find 
out fiftv well or how sick their blood is (to a certain extent), (a) 

7 
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by the total number of leucocjleB preseut, aiij (fr) by the ] 
]X)rtioD of pulyniurjiLonuclear ueutropbiles iu a (;iveu oiie thoa- 
sand of tlieue leucutry teu. TLeue dutu tell us approxiniately Aon* 
uormal or lioir abui^rtuul a giveu iudividual's blcxxl is. ^Vbea a 
giveu disease like jiuemuoiiia occurs, we need to know, if poa- 
aible, what is the onUusry leucocyte count and differential cooot 
of that case, on top of which a leucocytoHis may (or may not! I» 
Vmilt up. 

Condition of stasia, temjKtrary blood couceutralion, dilution, 
and vasomotor disturbances muat, of coui-se, Ite excluded or 
allowed for, since these luay iucreasn not only the iota) leii- 
cocjte count, but often the ))eroeDtage of polyinorp]ionucl4>ar 
cells. Whether or not tUfferencea of race make anj difTereuoe 
in the normal count of wliite cella, I cannot say, but certainly 
the average of a group of college athletes would Iw higher than 
that of some country towns in New England where everybody ia 
more or less under-uourislied ; and if one is to practise nmnnK 
all sorts and conditions of men. I think he cannot hut expect to 
find jieople'fl leucocytes vary all the way fiimi 3.000 U< 1U..\lia 
per nthic viiUliwtre, without there being more than malnntritioD 
to account for the lower figures. 

Into the theories of how leucocytosis is brought hImiqI I 
shall not enter ; no one of them as yet commamls general assent. 

We may dinde leucocytosea for convenience' sake into; 1. 
Physiological leucocytoaes. 2. Pathological leucocytoses, 

PHYBIOLOGICAI. iJfeuCOCYTOSEB. 

1. Leucocytosis of the new-bom. 

2. Leucocytosis of digestion. 

3. Leucocytosis of pregnancy. 

4. Leucocytosis post-partum. 

5. Leucocytosis after violent exercise, massage, and cold 
baths. 

6. Leucocj-tosis of tlie moribund state. 

The LeucocijtostH a» Affected by DiijesUon. 

(a) Total abstinence from fotxl lowers the leucocyte coanL 
In the bIoo<l of the professioual faster Succi, the number SAuk 
within his first week's fast to 801 per cubic millimetre. After 
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rst week it rose to 1,530, and remained there throughout 
his tliirty days' nbHtiaeuce (Luciani '). The polymorphonu- 
clear cells and eoainopJiilea are said by Tauazk to be increased 
in cUruuic star\'ation. 

You Limbeck counted the blood of a melancholic patient 

who had fasted a week, and found 2,fiOO whit« cells per cubic 

^V) millimetre. These facts support the idea that the numlier of 

^^HBacocTtes depends (^'ithio certain limits) on the individual's 

^^ft,4B8imiliiti<m of food. In cancer of the gullet we find similar 

^^ft (t) After a meal rich in proteids the leucocyte count rises 

^Fsbout tliirty-three per cent in most sound persons. Ten thou- 

Band cells may perhaps be considered the average, three to four 

hours aft«r a proteid meal, but if the count before a meal is 

uuly 4,000 or 5,000, di^^estiou will perhaiw not raise it above 

^ 7,000, while vigorous adults may show 13,000, Digestion leu- 
cocytosis is always rtlaiive to the count of the individual's 
lllood ichf.n foBfing. This is to be obtained preferably before 
breakfa^tt, as during the day the leucocytosis caused by one meal 
may not be gone Ijefore the iuiluenco of the next meal begins. 

Occasionally we see sound persons with httle or no digestive 
leucocytosis. Some of these cases are to be explained by halilt- 
aal constipation (v. Limbeck) ; in others the reason is more 
obecnre. But there is no doubt of its beii^ tlie rule after 
mealH of mixed or proteid diet. In lierbivorous animals, and 
presnmiibly in vegeturians, it is not found. 

Any disease of the gastro-inteatinal tract, whether functional 
or organic, may prevent the appearance of the digestion lenco- 
O'tofiis (see later under Diseases of the stomach, i»age 280). In 
Hnn;mic aud debilitated couditions it is frequently absent. 

In children it is e8i)ecially marked. Schiff ' records a case 
of « healthy infant whose blood an hour after birth showed 
19,500 (see next section), after its first meal 27,(;25, and after its 
fourth meal 3(J,000 white cells per cubic millimetre. After the 
secuud day this gradually diminished. 

Food seems to call forth a greater leucocytosis in proportion 

as it is a novelty in the stomach. Cases of gastric nicer who 

luul been fed exclusively by rectum for some weeks show a 

* ~ Dm Oun^m," German traiiBlalioD by O. Fr&iikel. Hamburg, IB&U. 

'Zfit f, Heilk., xi,, 1800. 
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greater lencocitosis after their first meal than later. VerSn 
the size of the di^estiou leucocytoais Id the new-lxiru is to be 
similarly' exi>tuinetl. lu diabetics the di^estiou leueoovtosU is 
HOiuetimes very large. 

The leucocytosis can usiially be olwerveil one hour after a 
meal, iucreases for two, three, or even five boare acconUug to 
the slowuess of digestion, then falla ttgaio. 

Burian and Schur ' foiiud au iuRrease of the iKjjyaiorplio- 
nuclear varieties in those cartes iu which au iuere>aBe of the t<)lAl 
count took place at all. Eosiuophilea show no regular chaugeti. 

Dimjnoslu: Valim. 

1. When we wish to know whether a person is accurate iu such 
Btatements as that they have "eaten nothing for a week," we can 
get evidence from the leucocyte count, which should be very low 
if the assertion be true. Whenever we cannot communicate 
with a. patient and wish to know how much food he hiiH titken of 
late, wo can form some idea from the blood examination. In 
the case of a patient who ajjoko only Itussiau, I whh led to 
look for a stenosis of the gullet by the Inwueea of the leucocyte 
count (2,700), and the i>robang confirmed the suspicion. 

2. Aa suggested almve, we can form some idea of a i)er(M«i's 
general vigor, nutrition, and capacity to assimilafa^ fo^nl 1>y tki^ 
number of leucocytes and the projmrtion of mononucleate 
oellfl, as comjiared with the average figures for that age ain^L 
locality. Persons ilchilifntcd from any reason are apt t«> 
show it in their blood by the changes above mention(>d, th« 
element of hysteria l>eing sumetiraes recognizable by otli«r 
signs (see below; "Eosinophilia," page 11(1). 

.3. Slowness of digestion is indicated by ii late apiwuiraDOe <t 
the digestion leueocy tosis. The inferences to be drawn from ttie 
blood in diseases of the gaatro-int«stinal tract will be discussed 
later (page 274). 

4. Perliaps the cliief importance of digestion leucoc\'toKi8 is 
as a possible cause of false inferences, through being taken for • 
pathological increase. Bearing this iu mind, we must olmys 
examine the V>lood as 7%ear a meal as possible, or 1>etter sliD 
before breakfast. 

■Wien. klin. Woch.. Februarj 11th. 1807. 
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Leucoq/tosis of the New-Born. 

The following table is compiled from the best authorities on 
the subject (Schiff, Gundobin, Bayer, Hayem, and others) : 



Age. 


RmI cells. 


Leucocytes. 


At birth 


5,900.000 

7,000,000 to 8,800,000 
Generally increased. 

6,000,000 

5,000,000 


17.000 to 21.000(26.- 


Eod of first day 


000 to 36, 000 after 
first feeding) . 
24,000 


** second day 


80,000 


** fourth day 


20,000 


** seventh day 


15,000 


Tenth day 


10,000 to 14,000 


Twelfth to eifirhteenth day . . . 




12.000 


Sixth month 




12,000 


Sixth year and upward 




7,500 







The increase is explained by Lepine, v. Limbeck, and others 
a combination of blood concentration with large digestion 

leacocjtosis. Ghindobin and others are opposed to this theory. 

Certainly tiie influence of digestion on infant's blood is much 

greater than in adults. After a meal 30,000 leucocytes is never 

a very high count in infants under two years. 

A fuller discussion of the subject will be found in the chapter 

on the blood in infancy. 



The Leucoq/tosts of Pregnancy. 

Most prinUparce show during the latter months of pregnancy a 
moderate increase of aU varieties of leucocytes. Thirteen thou- 
sand cells x>er cubic centimetre is about the average count. 

In multiparsB it occurs in only about fifty per cent of the 
cases. Digestion leucocytosis ^^ on top of" the constant preg- 
nancy leucoeytoeiSy so to sx>eak, does not occur. 

As mentioned above, the relative ];)ercentage of the different 
types of leucocyte remains unclianged, so that all varieties must 
be equally increased (eosinophiles excepted). The fact that 
^ligestion does &ot increase the pregnancy leucocytosis, leads 
to the suggestion that the whole thing may be only a prolonged 
^ligestion leucocytosis — the mother having to eat for two. The 
fiwelling of the breasts may also account for part of the leuco- 
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cytosis. In the last weeks of pregnancy the leucoeytosis 
increases till at the beginning of labor it is often 16,000 to 
18,000. It has no diagnostic value, as it is not i)resent during 
the earlier months of pregnancy when diagnosis is difficult, and 
in the later mouths such conditions as hydatiform mole and 
fibroid tumors might raise the count of white cells as much as 
pregnancy. 

Leucoeytosis After Parturition. 

The following charts illustrate the course of the leucocyte 
curve from the time of parturition till the end of the second week 
after it. 

All were primiparae excepting Nos. 5, 8, and 9. There was 
no sepsis in any case, and the temperature charts were practi- 
cally normal after the second day. No reasons are known for 
the variations between the different cases. All were counted at 
the same hour of the day, and under the same conditions of 
nutrition. All nursed their children. 

The only importance of this leucoeytosis is that it might be 
confounded with a pathological leucoeytosis in a case 8usi>ected 
of being septic. Just how long the leucoeytosis is prolonged 
during lactation has not been studied so far as I am aware, but 
it certainly may go on several weeks. 

Violent exercise, massage, and short cold hatlis have been 
shown to cause a temporary increase in the number of leuco- 
cytes in the peripheral blood, all varieties of the cell being equally 
increased. The explanation usually given is that the blood 
is concentrated by vasomotor contraction and rise of blood 
pressure. 

Schultz (Deut, Arch, f, Min, Med, 1893, page 234) found the 
leucoeytosis of exercise amount to about tLe same as that of 
digestion, 11,000 to 13,000. He also noted that in dogs 
merely opening the peritoneum aseptically or breaking a leg 
caused leucoeytosis. 

Thayer studied twenty eases of typhoid and found an aver- 
age of 7,724 white cells before and 13,170 after a Brand bath 
(Johns Hopkins Medical Bulletin, April, 1893). The increase 
took place equally in all varieties. Winternits (Inij)orio-Eoyal 
Medical Society, Vienna, February, 1893) came to a similar 
conclusion and found also that prolonged cold bathinf^ decreased 
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the nmnbGr of white cells (dry cold does the same). A patient 
w»8 recently brought to the Massachusetts Hoapital who had 
Mien through a hole in the ice and been some minntes in the 
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icy water. His temperature was 91.8" by the rectum. Blood 
count showed 17,500 leucocytes iier cubic millimetre. Nest 
lay he was i)erfectly well. On tlie contrary, short Iiot baths 
[ecrease and proloDged ones increase the number of leucocytes. 
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Local nnu Itatlis hnre ^^ Himilar etff^ct, rnisiDK the coiuit^ 
leucocytes iu the hUxnX of tlit> iinmented arm if cold anil nbort, 
Aiid lowf^rin^ it if liot luul Hlinrt, while jiroluui^nl iiuiueraiiHi 
hiis ill) o]>))o»it« effect. Id tlie other arm the couuts go up wbt<u 




those of the inimerHed arm go down, and vice versa (Rovight).' 
Mitchell ' fonnd tlmt thrt leucocytes showetl distiiict increaaft (w 
I Aroh. llal. il. CliD. M«i., xixii.. 3, I8B3, 
'Anipricau Journal of the Me<lk-al Sciences, Msv, ISftl. 
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well as the red cells and hsemoglobiu) after oue hour*8 gen- 
eral massage. 

All these forms of leucocytosis are usually explained b^ 
changes in blood pressure, and vasomotor changes affecting the 
calibre of the peripheral vessels and consequently their con- 
tents. 

Terminal Leucoq/tosis. 

The leucocytosis of the moribund state, though by no means 
invariable, occurs in many cases, whether from the influence of 
a terminal infection or from stasis. Where death is sudden or 
rapid it does not occur. It seems to be analogous to the ter- 
minal rise of temperature seen at the close of many chronic 
non-febrile affections. The longer the patient is moribund the 
higher the count reaches. In pernicious ansemia the increase 
ina\' be so great as to simulate lymx)hatic leukaemia. Such a 
case occun'ed in the writer's own experience. The patient had 
presented the signs and symptoms of ^^ernicious anemia, and 
the blood was typical of the disease in all resj)ects except for 
the lack of nucleated red cells. 

Slides taken on the da}^ of death showed a ratio of one white 
to fifteen red cells, the small lymphocytes greatly predominat- 
ing, but the autopsy revealed sirajJy the lesions of i^ernicious 
anaemia. The differential count of one thousand leucocytes on 
the day of death showed: Lymphocytes, 91.7 per cent; poly- 
morphonuclear cells, 7.7 per cent; eosinophils, 0.5 |)er cent. 
Four megaloblasts were seen while counting these. The totiil 
leucocyte count was unfortunately not made. 

In ordinary cases the differential count shows an increase in 
the iK)lymorphonuclear leucocytes. Thus in a case reported by 
Ilieder, in which the leucocyte count rose during the last two 
days of life from 7,800 to 59,300, the polymorphonuclear cells 
constituted 87.5 per cent of the whole 59,800. 

» 

Pathological Leucocytoses. 

For convenience' sake these may be diyided as follows: 

1. Post-hemorrhagic leucocytosis. 

2. Inflammatory leucocytosis. 

3. Toxic leucocytosis. 
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4. Leucocytosis in malignaiit disease. 

5. Leucocytosis due to therapeutic and exx>erimental in- 
tiuences. 

1. Post-heiitorrlmgic Leucocytosis. 

Within an hour after a large hemorrhage we find commonly a 
considerable increase (16,000-18,000). In hemorrhage from the 
stomach this disappears again usually within a da^^ or frw'o, 
while in ordinary traumatic hemorrhage it persists longer. 
This last fact may perhaps be explained, as v. Limbeck sug- 
gests, by the local conditions in the wound rather than by the 
loss of blood in itself. 

The polymorphonuclear leucocytes are usually increased 
relatively and absolutely as in other forms of pathological leu- 
cocytosis. Sometimes we have lymphocytosis (see page 114). 
The degree of increase in the wliite cells is parallel in a general 
way to the anaemia produced in the individual, /.c, it depends 
on his powers of recuperation rather than on the amount of 
blood lost. Its duration follows the same rule.' 

2. Inflammatory Leucocytosis. 

I use the term "inflammatory leucocytosis" rather than 
" leucocvtosis of infectious diseases" because there is a consider- 
able number of infectious diseases in which no leucocytosis oc- 
curs, while it accomi^anies almost all forms and cases of inflam- 
mation. Nevertheless I shall class under tliis heading some 
diseases in which inflammation plays but a very subordinate 
role. 

I. Although purnleut and gangrenous processes usually cause 
a higher count of white cells than serous processes, the amount 
of the exudation is not a measure of the amount of leucocytosis. 
It seems to depend rather on the resultant of two forces, viz., 
the severity of the infection and the resisting power of the indi- 
vidual. These factors may interact in various ways : 

1. Infection mild : resistance good = small leucocytosis. 

2. ** less mild : " less good = moderate leucocytoeis. 

3. ** severe : ** good = very marked leucocytosis. 

4. ** " " poor = no leucocytosis. 

* Further account of the blood after hemorrhage will be found on page 
126 at seq. 
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This will be illustrated later under " Pneumouia " and under 
"Sepsis." Experiments on animals show that whereas moder- 
ate sized doses of septic cultures, not sufficient to kill the 
animal, are followed by leucocytosis, larger doses after which 
death follows speedily, do not raise the leucocyte count at all. 
Animals weakened by any cause show less leucocytosis to a 
moderate dose than strong animals. 

If the individual reacts from the shock his leucocytes are in- 
creased again and rise above normal. K reaction fails the leu- 
cocytes do not rise. 

n. Inflammatory leucocy toses differ from physiological leu- 
cocvtoses — 

(a) In being usually of larger extent. 

(h) In being almost aways accompanied by a relative and ab- 
solute increase in the percentage of ix)lymorphonuclear cells. 

rH. The course of the leucocytosis as regards both amount 
and duration shows, like the temi)erature chart, certain more or 
less characteristic differences in different diseases. 

IV. In some cases in which the absolute number of leuco- 
cytes is not increased, we see a relative increase in the polymor- 
phonuclear cells, pointing to the fact that influences are at work 
similar to those which produce an absolute increase. 

V. That the amount of exudation is not of itself a measure of 
the amount of leucocytosis is shown by the fact that erysii)ela8 
or scarlet fever may be accompanied by as high a count as the 
average count in pneumonia or empyema. 

That i)urulent exudations usually have more effect on the 
white cells than do serous ones is due, I sui^pose, to the fact 
that a purulent inflammation usually means a severer infection. 

VI. No direct connection exists between leucocytosis and 
fever, many febrile affections running their coui'se with a normal 
leucocvte count. When l>oth leucocvtosis and fever are due to 
the same causes they rise and fall together, but the correspond- 
ence is rarely accurate, and marked leucocytosis may exist with- 
out fever. 

Vn. Acute, rapidly spreading inflammations seem to pro- 
duce a greater leucocytosis (other things l)eing equal) than 
those in which the process is relatively chronic and stationary. 
For instance, an appendicitis, when well walled off and station- 
ary, shows less increase in white blooil cells than while its le- 
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sionH are progressing. But x)eracute, oyerwhelming general sep- 
sis may liave no effect on tlie leucocytes, the reactive power of 
the organism being crushed. 

Vm. Most inflammatory leucocytoses are preceded by a 
temporary diminution in the number of leucocytes. This oc- 
curs in animals from shock of any kind (blows on the head, 
tying to the etherizing board), and it seems not unlikely that 
the cause is the same in all crises. 

Tlie following is a list of the more important inflammatory 
or infectious conditions in which leucocytosis appears: 

1. L)fecfiou« diseases ivith comparatively slight local inflamma" 
iory processes : 

(a) Asiatic cholera. 

(b) Belax)sing fever. 

(c) Typhus fever (according to the majority of observers). 

(d) Scarlet fever. 

(e) Dii)htheria and follicular tonsillitis. 
(/) Syphilis (secondary stage). 

(g) Erysipelas. 
(h) The bubonic i)lague. 
(0 Yellow fever (some cases) . 

2. Infections diseases loith more extensive local lesions: 
(a) Pneumonia. 
(6) Small-i)ox (suppurative stage). 

(c) Malignant endocarditis, puerperal septicaemia, and all 
pyoemic and sejiticapmic conditions. 

(d) Actinomycosis. 

(e) Trichinosis. 
{/) Glanders. 

(g) Acute multiple neuritis (febrile stages). 
(h) Acute articular rheumatism. 
(0 Septic meningitis and cerebro-si)inul meningitis. 
(J) Cholangitis, cholecystitis, and empyema of the gall blad- 
der. 

(A-) Acute pancreatitis. 

(t) Endometritis, cystitis (some a(»ute oases). 

(m) Gonorrhoea. 

3. Local inflammatory processes : 

(a) Abscesses of all kinds and situations, such as 

Felon. 
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Carbuncle, furonculosis. 

Tonsillar and retropharyngeal abscess. 

Appendicitis, phlebitis (some cases). 

Pyonephrosis, perinepliritic abscess and pyelonephritis. 

Osteomyelitis, empyema. 

Psoas and hip abscess when not simply tubercular. 

Abscess of lung, liver, spleen, ovary, prostate. 

Salpingitis and pelvic i)eritonitis, epididymitis. 

(ft) Injlammations of the serous membranes including : 

Pericarditis, peritonitis, arthritis (serous or purulent, non- 
tubercular), conjunctivitis. 

(r) Gangrenous inflammations, as of the 

Appendix, lung, bowel, mouth (noma). 

{d) Many inflammatory skin diseases, such as dermatitis, 
I>emphigus, pellagra, heri)es zoster, prurigo, some cases of uni- 
versal eczema, etc. 

3. Toxic Leucocytosis. 

Under this heading I have grouped most of the conditions 
not obviously to be exi)lained as infectious or inflammatory 
(though some may turn out to b^ such) and not due to malig- 
nant disease or therapeutic agencies. This classification is 
chiefly for convenience' sake and represents only a guess at the 
real exi)lanation of the leucocytosis : 

(or) Leucocytosis of illuminating-gas poisoning. 

(b) " " quinine poisoning. 

(o) " " rickets (many cases). 

((/) ** " the uric-acid diathesis, gout. 

(e) •* " acute yellow atrophy of the liver. 

(/) ** ** advanced cirrhosis of the liver (some 

cases) e8i)ecially with jaundice, 
(j/) " " acute gastro-intestinal disorders (pto- 

mains ?) . 
(A) " " chronic nephritis, usually in ursBmic 

cases. 
(0 " after injections of tuberculin and thyroid 

extract. 
( i) ** after injection of normal salt solution (in- 

travenous) . 
(i) " after ingestion of salicylates. 

(J) " during and after etherization. 
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Possibly the leucocytosis of acute delirium belongs also in 
this group. 

4. Leucocytosis of Malignant Disease. 

Very likely this belongs more properly under one or another 
of the classes just mentioned. Some observers think that it oc- 
curs only from the inflammation excited in the periphery of 
some malignant tumors ; others that it is due to absorption of 
morbid products from the tumor itself; others again that it is 
to be accounted for by the cachectic state associated with the 
growth of the tumors. The details and conditions of its occur- 
rence will be discussed later (page 332). 

5. Leucocytosis Due to Tlierapeutic and Experimental Liftuences. 

Pohl * found that most of the so-called tonics and stomachics 
produce a slight increase in the white cells in animals, particu- 
larly the vegetable tonics like tincture of gentian, and oil of 
anise seed, while bismuth, bicarbonate of sotla, and iron had no 
such effect. Quinine, caffeine,, and ethyl alcohol gave likewise 
negative results. Von Limbeck found leucocytosis in men after 
oil of peppermint and oil of anise seed. 

Binz "* got the same results with camphor. In all these ex- 
periments the substances were given by the mouth. 

Using subcutaneous or intravenous injections, Lowit experi- 
mented on animals with hemialbumose, peptone, pepsin, nucle- 
inic acid, nuclein, extract of blood-leecli, pyocyanin, tuberculin, 
curare, uric acid, urate of sodium, and urea. All but the last 
of these produce temporary decrease followed by increase of 
leucocytes. 

Goldschpeider and Jacob ' used extracts of various organs. 
Extract of spleen, marrow, and thymus i)roduced leucocytosis 
preceded, as in Lowit's experiments, by a brief diminution in 
the number of leucocytes, while extract of pancreas, thyroid, 
kidnev, and liver had no effect. 

Wintemitz * injected a large variety of substances sul)cutaue- 

'Aroh. f. exp. Path. u. Pharni., 1889, vol. xv. 
"Arch. f. exp. Path. u. Pharm., vol. v., p. 122. 
•Arch. f. Anat. u. Physiol., 1893. p. 567. 
*Ajch. f. exp. Path. u. Phaim.. vol. xxxv. , p. 77. 
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ously and found that the degree of leucocytosis was parallel to 
the degree of local reaction excited. 

For example, neutral salts and weak acids or alkalies pro- 
duced slight local inflammation and a leucocytosis of from forty 
to seventy -five per cent of the original count. But irritants like 
turpentine, croton oil, nitrate of silver, sulphate of coi)per, 
mercury, antimony, digitoxin, etc., produced local suppuration 
(aseptic) and much greater leucocytosis (two hundred to three 
hundred per cent). 

Pilocarpine and antipyrin have been found by v. Jaksch and 
others to produce marked increase in the number of leucocytes 
when given subcutaneously. During the use of thyroid ex- 
tract Richter (Centralblatt f. inn. Med., 1896, p. 3) noted 
leucocytosis. 

A large number of observations on the effects of injections 
of bacteria or their toxins agree in the following results. 

1. Where the dose is very large the leucocytes are reduced, 
and the animal dies. 

2. Where the dose is not sufficient to kill the animal the 
temporary diminution in the leucocytes is soon followed by leu- 
cocytosis. 

3. Where the dose is slowly fatal the count of leucocytes 
oscillates up and down within wide limits. 

4. Animals previously rendered immune to the poison in- 
jected show little or no leucocytosis. 

5. Leucocytosis is more easily called forth and of greater ex- 
tent in young animals. 

6. Most pathogenic organisms act similarly, but bacilli and 
toxins of tuberculosis as a rule cause no leucocytosis. 

7. There is no evidence that any one variety of leucocyte is 
attracted by any particular bacillus or toxin. 

In the above sketch of therapeutic and experimental forms of 
leucocytosis no attempt has been made to give anything but 
the more interesting and important outlines of the immense 
amount of work done. 

CeU Sfrneture of the Leucocytes in Lencocytosis. 

Hitherto we have spoken as if leucocytosis meant only an 
increased number of the normal cells, but one cannot study the 
cell forms in extensive pathological leucocytosis without noting 
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iu inHDj' caseH iiualitafivif changeB in tbe individual cells, 
are chiefly : 

1- A greater or leHB approxiiuatioii of the nuclei of ijolymot- 
phouiidear ueutrojihiles to the appearances of the myelocyte 
nucleiu. As will Ite meiitioued later under leukemia, we&nj in 
every bliKxl coutainiQ}^ many niyelorytes uumerouH cells whoso 
nucleus is on the bortler-line between the myelocyte and the 
Iiolyinorphouutslear stage, so far as appeanutocH go. Now in 
leucocj'tofiiH we find the same " border-line" cells iu smaller 
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numbers, the liktiwun to the myelocyte sometimes passing fa 
itltnlifp iu one to tliree i>er cent of the cells. 

2. A greater or less appn>simation of the iiii|MVtr<tuce «»f the 
Urxe lymphocytes' protoplasm to that of myelocyte protoplaam. 
I.e., a diffuse riolet or purple w)lor exactly tut in th« myelocyte 
but non-granular. Kngel makes a separate variety of tlits cell. 
giving it the useless uatue of " mououiiclfar oell." 

•t. Other finer changes, such as the number, size, and staio* 
ing iM)wer of the neutrophilic granulations, polar position of tbam 
nuclei, ete. (see Fig. 29), retjuire further study. 
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Changes like the above militate against the idea that leu- 
coeytosis is simply a matter of distribution in the peripheral or 
internal vessels. 

Absence of Leucocytosis, 

It is of fully as great a practical assistance to us to know 
that in certain infective diseases leucocytosis is regularly absent 
jis to know those conditions in which it is to be expected. 
Among the most important diseases in which leucocytosis is 
conspicuously absent are : 
(a) Typhoid fever. 
(/;) Malaria. 

(c) Grippe (most cases). 
(<t) Measles. 

(e ) Rotheln and mumps. 
(/) Cystitis. 

((j) Tuberculosis, including — 
Incipient phthisis. 
Miliary tuberculosis. 
Tubercular perittmitis. 

ostitis and periostitis, 
pleurisy. 
" pericarditis. * 

In some of these affections, notably in miliary tubercle and 
the later weeks of typhoid, the leucocytes are diminished. 
Further details will \y% given under the specid^ diseases. 

Leucopenia. 

Definition, — A diminution in the number of white cells in 
the peripheral circulation as compared with the number normal 
for the given individual. 

1. The effects of starvation and malnutrition in producing 
leucox)eiiia have already been described. Such leucopenia is 
usually associated with lymphocytosis (see below). Cancer of 
the gullet is an example of this class. 

2. Short hot baths or prolonged cold baths produce tem- 
porarily the same result (Wintemitz, he. cit). 

1 Tubercular meningitis often does show leucocytosis (vide infra, page 
266). g 
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3, Most of the iiiiective tliseaaeci iu wliicU there is no leooo- 
oytoBiB are Hometimes ('b»ract«rizeil by leucopenia, e.g., gripiie, 
measles, luiUarv tiil>erfiilosis, and other fnmis of pure tulwr- 
cnlar infection, malaria, and especiall.v tyjihoid, iu the later 
weeks of wliirh it is almont invariable, and is accompaniotl by 
ly m phocy tosis , 

Where a case of leukfemia is conii>Iicated by an infective 
disease (pneumonia, 8eptica?mia) the number of leacot-yteB may 
fall below the normal. Iu a case recently occurrJug at the Maas- 
acliusetts General Hospital in which a lymphatic lenktemia 
was terminated by septicemia from Rlandular suppuration, the 
white cells fell madually from 4U,0tH) tln-ee weckft Iwforti death 
to 419 per cubic millimetre on the day of death. I haw newr 
board of n lower eouut than this. The <UtFerential count waw 
unchanged (lyraphocytea = ninety-eight per cent). 

4. In pernicious aniemin the conut is usually very low anil 
may Tall below 1,000 cells -[t^r cubic millimetre. Other forma of 
anieinia (racliitic, syphilitic) occasionally produce the same r^ 
flolt. 
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Lifmphofytosia in a relative increase in tiif lymphocytea 
blood, unik or wll/ionl, un increase of llie tiiful leucwy{f« count 
The increase ia relative to the percentage of lymphocytes normal 
for the iudividnal. When lymphocytosis and an increase of the 
total leucocyte i^ouut are preseut we cannot distiuKuish tiiv 
blood from that of lymphatic leukiemia, and the diatinction 
must deiwud upon the course and syiupt^nus of the catte. ' 

1. Such a condition (relative to the adult) occurs in heaithg 
in/aiit'it blood and in many diseases of infancy, the bliXKl sentu- 
iug to have a tendency to return to the iufautila tyi>e. Thli is 
especially true of cholera infantum and any gastro- intestinal 
trouble. Anything that retardx the infant's normal gain iu 
weight or general develo]iment retards itH bhKHl devehipiuent oa 
well. Thus a child uf three, convalescent from a summer diar- 
rhtea, may have fifty to sixty i)er cent of lymphocytea, which 

'The lym phocy tosi It of chloroeiii haa l>e«n inUtaken for lymphatic 
leukftintla (8chM>ibeT) owJdk to hxi ei<:lu8ive reUancv od tlitr mulUur Itw 
hliiod exMiuinstion. Thi; patient rt-covered. Huch ciwea are very rare, aad 
the cJifHculty hnrtlly ever arises. 
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uormal for an iufant of a, few weeks, but for three 
; earn old is vpty high. 

2. Hertilllanj mjphHis is |»6rhai>8 the beat-known canae of 
relative lymphocytosis in cliiklren. Snirvy may produce the 
Hame result. Dividiug the aufflmias of children into two groups, 
tliose that df) aud those that do not produce leurocjtosia, it 
ap[M>ar8 that the jjreat majority of those whoee total leucocyte 
dunt is uormal whow a relative lymphocytosis. This is the case 
irrespective of whether there is enlargement of the spleen or not. 

Sometimes the smaller, sometimes the larger lymphocytes 
are in the majority. Often no division between the two kinds is 
possible. 

3. lu adultj^ some forms of debililij may be associated with 
itive lymphocytosis as iiliove noted {jiage 97). It is moat 

larked, however, in chlorosis, pernictoiia oiimiiia, and the aiiae- 
secoudary to si/philta, in the later weeks of typhoid fever 
jtud in lactation. 

4. Certjiin cases of Grai'es' disease show marke<l lymphfK'V- 
<t(wis. How such cases diffi r from those that do not show it I 

ive not been able to determine. 
.">. It occurs also in hamophiUa, tjoifre, in some cases of 
puxd aileiiitla, whether tubercular or lymphomatous, aud iu 
li'irs of the spleen. 

Durii^ the administration of thjroid extract a lymjjhix'j - 
is has been recently noted by Perry (New York Mi-tUeal Uvc- 
l, Angn8t29th, lfi9(i). 

The larger forma of lymphocytes are increased iu some 

ileuic tumors (chronic " ague cake"), at the eud of scarlet fever, 

pneumonia with delayed resolution (some cases), iu measles, 

irtaiu forms of phthisis aud iu the non-sujipurative stages of 

lall-jMii ; also in many of the same diseases in which the small 

iphocytes are increased. 

8. So far I have referred chiefly to relative lymphocytosis. 

klMolale lymphocytosis is very rare outside of lymphatic leu- 

imia. One casg occmretl at the Massachusetts General Hos- 

iu 1894— a child of six, who jjassed through an attack of 

icltopneumonia with uneventful recovery, the only pecu- 

Inrity of tlie cane beiug the marked increase of white cells run- 

BUg up to 94,600, sixty-nine per cent ofichuh vere hjinphm-tfteii. 

ring convalescence the blood became normal and the child 
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left the hospital well iu all i-esiwcts. The case will l»e refene^ 
to later in the account of the hlootl nf i>iiPniiioiiia. 



Diagiioslic Value of LiftiqthwylOBh. 

1. I have already siigf^eated that the degree of liiialth in 
perBuus not or^auicnll.v ilisea8ed might iwrhajw proT« t'> inry 
directly with tlie percentage of |K)lynioriiliouii clear cella Ju the 
blixxl, 

2. In children the same i^rcentage is to a certain extent a 
measure of the child's degree of development— t-atwea of len- 
wx-ytosis Iieinj; exclude<l, and the i>ercentage normal (or a child 
of the ]iatient'» age lieing taken as the standHrd. 

3. The diagnosis of oliscnre syiihilitic diseaue may l«e 
HnplKjrted by the coincidence of lymi)hticytoBi8 with eoaino- 
I)hilia. 

4. Abflolnta lymphotrytosis in the presence of glandular 
tumors is onr mainstay in the diagnosis of lymphatic lenkaami>. 



EoBiNorniUA, 



Dtjmition, — An increase in the percentage of eosinophiloa is 
the circulatory blooil, with or without an increase iu the total 
leucocyte count. 

The researches of Neusser, Zappert, Weiss, Kleiu, and others 
have bniught the e<>siuo|iliilic cells onco mon> into the promi* 
nence which they Inst when it became appareut that they wero 
iu no wu}' i)ecnliikr to lenkiemia. 

1. Lenkmmia is (Mx-asionaU,^' associated witli eosinophilta 
(see below, page 167), but in the majority of cases this is not so. 
Ah in normal bloocl, from one to three per oent of them are to 
be found. 

2. In infancy the percentage of eosinophiles is very often 
higher than in adnllM, so that in them eosino|ihilia may bo con- 
siilered physiological. In adults its presence is often nnex- 
plitiued. The cosinophiltM are the most seemingly capriciooi 
of all blood cells. A certain aaionut nf light ban been tfamwo 
on them by the observations of Neusser and bis pnpiis (WetSH, 
Schreiber, Klein, and others). 

3. Neusser noticed that eosinophilia ocrun* — 
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In raanv affetitionB of the bones (sarcoiaa. leukucniia, 
mulacia). 

(B) In many affections of the skin {pemiihigus, i)ellagrn, anil 
lers). 

(C) lu troubles involviut^ tlie female genitals, especially tlie 
,ri«a. 

(D) In disturbances of tlie sympathetic uen-ous system. 
That there is some relation between these seemingly nncon- 
ted sets of phenomena is shown by various other facts besides 

le prf-Jience of eosiuophilia iu thera all. 

(fl) Bone and genitals. 

Osteomalacia is most apt to occur in jiregnancy and is cured 
in some cases by castration. 

(h) Genitals and s.\'mi)athettc nervons system. 

The jiresence of all sorts of psychoses and vasomotor troubles 
associated with menstruation, pregnancy, and the climacteric, 
ftud the so-called " reflex" disturbances in comiection with uter- 
ine or ovarian disease, are well known. 

(c) The connection of the skin with both of the last-men- 
d systems is seen in the tro])hic disorders and sympathetic 
atoees of hysteria and ovarian disease. 

flTorking ont the suggestions of this theory Nensaer and his 
pajiils have found relative eosioophilia in the following affec- 
tions: 

1, Bones. 

Osteomalacia, malignant bone-tnmors, pernicious aniemia 
me casr^s), splenic-myelogenous leukcemia (occasionally), 
le writer lias seen slight eosiuophilia in osteomyelitis.] 
libly the relative eosinophilia of normal iufantM" blood may 
connected with the great actirity of their btme gi-owth, 

2. Diseases affecting the sl'in. 

Urticaria, {vellagra, dermatitis herpetiformis, and pemphi- 
(constantly); some varieties of herpes, prurigo, ec/.ema, 
ijihodermia i>emiciosa; after vaccination, in ac&rlet fever and 
pbilis (not measles or small-imx), ichthyosis, lupus, royx- 



' I do not vouch for these or for any ot Neuaser's atatemeota, which axe 
rNquetttl}' inroiTPct. In a Biogle case each of pemphigus and prurigo I 
ttve found oDly four per ceut and three per cent of eoeiaophitee. On Itu j 
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3. Genitals. ^ 
Goiiorrlifea, prostntitis, many ovarian tumors, Tiefore ami 

during the early days uf menstruation, puerjieral niuuia, and 
the x>8ychnHPii of meustraation, of the puerjieriuiii, and of the 
climacteric; in sexual neurasthenia, aft«r coitus, and in lacta- 
tion. 

4. Symfiat/ietic Nei-ifous Synfeni. — The psjchoses last mvn- 
^ioned, hysteria, Basedow's disease, and some of those Kiven 
under the next heading. 

5. Besides these general groups, Neusser liaa noticed anfitlier 
class of cases characterizetl b,\ eosinophilia, namely, thosr in 
which some memlter of the group of xnnthiii Ixrnen ia aupiK)m>(l 
to l>e in the system. lu the af>-called uric-arid diathesis the 
nuclein derivatives am transformed in tlie intestine into one uf 
the xanthin Imses. and their presence in tlie system ap|>eant to 
give rise to eosinophilia. 

At any rate we reRidarly find eosinophilia faofonlinn to 
Neiisser) in diseases thoutfht to be characterize*] by an ©xcesa of 
these siilistances in the system. Examples of tliis are found in 
yout, bronchial asthma, emphysema, certain forms of migraine 
and epilepsy, nxiduria, uriemia, tetanus, some giistro- intestinal 
troubles, aukylostomiasis, after injections of nuclein, pilocar- 
pine, tubeivulin, iron preparations, and in most nou-malimiant 
liver diseases. All these Neusser I>elieves slinmlate the sym- 
pathetic nervims system and hence the hone marrow, tliroogli 
the protlnction of xantliin luises. Tn asthniatir fiutienta he sm*- 
ceeded in priHluciny a [larosysm by inj'ectintf nuclein anbouta- 
iieously. 

Possibly under this headioK comes the eosinophilia after 
antipyriu, and tliat sometimes found in chhirosis, sciir\-j, 
ueiihritis, chronic malaria, and phthisical patients with caviti(«. 
In the latt4>r cases it has I)eeii suggesteil that the ]>atients may 



tlier hand, in a case uf dvriimtitis herpetifor 
taintHl, tlin difTerential ciniDl of Ave ImndnHl c«l1a slin 



n which ! lately « 
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tcolate themaelves with tuberculin absorbed from their luug 
rities. 

6, Tumors of the sjiken are also accompanied by eoeinophilia 
B some cases. Neuaeer does uot explain this under the theory 
)ve sketched. 

Many acut«i mental troubles show eosiuopbilia, while chronic 
s do not. 

Other causes of eosinophilia are phosphorus poisoning and 
QJectioiis of campherin. 

In Osier's clinic there have reoentlj- been obser\'ed three cases 

[ tricliinosis in which the eosinoithilic cells were from the 

t increased, and continuetl to increase till in one case at the 

• of death there was C8 per cent of eosinophiles in a leu- 

Mijtosis of 17,000. I have had one similar case. 

We also find eosinophilia in some cases of syphilis and 
^philitic disease of tLe spinal cord (tabes dorsalis). 

DnamrnoN dj EosrNOPHiLEB. 

1. During di^stion. 

2. After castratiou. 

3. In febrile stages of pneumonia, urippo, typhoid, diph- 
leriB, fle)>filt4, and most infectious (lisea.'^es acrcnnijiauied by leu- 

rytosis. That thiw is not due simiily to the presence of fever 
I sbovrn by the fact tliat in malaria and scarlet fever, despite 
i({li fever, eosinophiles may be increased. 

4. In the moribund state eosinophiles are diminished or 
tent. 

In the i>08l-critical stages of pneumonia and other infectious 
ises tlie eosinophiles swing up above the normal. 
4. Halignanb disease, hemorrhage, and most of other cauaes 
|f lencocj-toeis also diminish the eosinophiles. 

DlAGNOSnO AND PROGNOSTIC VaLUE OF EOSISOPHILI.^. 

Neuftser baa suggested the following points : ' 

1. In the diagnosis between puerperal mania and pueri^ral 
pjwis, eosinophilia points to the former. 

2. Between a tumor connect^?d with the genital system and 
e not 80 connected, eosinophiliii points to the former, 

'For none of which I can vouch. 
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3. In (letermimii^ whether a giveuouse of hysteria, i 
or psjflioais is likely to be l>enefiteil by castratiou, tlje prcjtpnc© 
of eoainopliilia favore tliP operatioo, 

4. In niali^uant diHease an eoRinopliilia poiota to a mctiis* 
tasU in the asseoas system (tuiuors of the spleen are not in- 
cluded in this rule). 

5. In cnses of doubtful syphilis eosinopliilia combined with 
lymphocytosis (see above) speaks in favor of Hyphilis. 

fi. The diagnosis of any obscure form of " uric-acid diatheais" 
is helped by gniliug an increase of eosiuopliiles. 

7. In (listint;uiehing malignant liver disease from other! 
disease eosiuopliilia pniiitn to the latter. 

1. In the iiriHjuimit nf chlorosis, eosinophilia is favomU 

2. In the prognosis of scarlet fever and scarlatiual neith 
the groftter the eosinophilia the l»etter the prognosis. 

3. After hemorrhage increased eosinophilea show acti» 
generation of bloml and gooil prognosis. 

4. In ])ernicious aniemia eosiaopliiUn is favorable foi 
same reason. 

jn'ELOCYTES. 

The occurrence of the myelocyte of Ehrlich in the ciw 
ing blood is always to Iw looked upon as pathological, that ia, 
as the intrusion of a variety of lenoocyte mitiirally a stranger to 
the circulatiug blood and a periuanent inhabitant of tlie marrow. 
Although it is so close morphologically to other varietifw ol 
lencocyteB that we should certainly suppose it to be an iutei^ 
mediate stftge l>etweeu the large lyniidmcytes and the polymor- 
Ithoniiflear ncntrophiles, the fact that it does not occnr oatiiide 
the marrow in health spenks against the snpjtosition. 

Of the occnrrence of the myelocyte in leuksemia and penti- 
cious auiemia mention will be miule under those diseases. The 
object of this uectiou is to give a list of the other uonditioos 
under which it api>ears. 

Neusser ' has found small jKirceutagea of ntyelocyt«B in ane- 
mia, carbonic-acid poisoning, diabetes, syphilis, puerperal 
mania, osteomuhicia, Basedow's disease, and sarcoma, also dor- 
ing menstruation. 

'Cited in Klein: Volkmum's "Baminl. kiln. Voru-ftg?." DeoenibM; 
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Capi)6 fouml oonsidernble perceutagea near deutli in geuerul 
paraljais (see Book II., paye 313). 

J. J, Tliomas fouuil them iu mj xoKlema. 

The majority of otber refereuoea to them in literature relate 
to different forms of grave aiuemia. For example : 

(1) Hayem' upeake of cells appai-ently myelocytes (he tlid 
notnse Ehrlich's methods) in cases of exti-eine ana-mia. 

(2) E. Kretis* fouud them in severe anaemia. 

(3) Loos ' dpscribea them in the aneemia of hereditary syphi- 
' lis, and Bille' liudfi them in the anieinia of acquired syphilis. 

(4) Neusaer' meutiuna their presence both iu jiemicioua 
innijnia and iii chlorosis. 

i5) HammersclilaK* made a similar olisen'atioii. 
(fi) £iigel ' noted their presencfl in a case of what he cau- 
tiounly calls " pseudo-pernicious ancemia ," and iu diplitheria. 

kil) Arnold* mentions tliem. 
(8) Klein* gives a list of variouH iliseosea Offsides leukiemia), 
which they hare been found, many of which are essentially 
eiuic conditions. 
(9) Holmee " has found them in phthisis. I can confirm 
B observation. 

(10) The writer " found them especially in the aniemia secon- 
*™ry to niHligmiut disease (see page 351). 

]3e((ideH these couilitiuns the writer has fouud them occa- 
**oiiiilIj' iu almiist ull the conditions in which leucocytosis or 
BTiave AUiemia is preseot^for examjile, in pneumonia, malaria, 
f^lwis, jieritouitis, jjraniUatiut; wouuda, osteomyelitis, pldeb- 
***^i rirkets. Hodgkin'a and Addison's disease, tubercuhisia, 
'^''tl other diseases. 



' •DuSang." Paria, 1889. p. S82. 
ug. DiHsert.. Bt^rlin, 18fl2. 

' Wion. klin. Worh,, l«(la. p. 201. 

■ Xoo. ct(,. 18«3. No. 9. 

>Xoe.cit.. 1893, No. 49. 

' fieriinltlin. Woch,, Augufit20Ui, 1N94 

f ^irchow'H Arcliiv. vol. cixxv. 
Jioe ril.. vol. cil. 

VnlktiianD's " SHtntiiluni; klin. VortrfiRe " Deoember, 1098. 

wr Sew York Medicnl RecorJ, .SepCemlier .'Stli. "" 

ftr''* Banou Uedic-«1 aod Surgical Journal, loc. dt. i 
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^^H Tlie mnat curiooB enample of their (x't^nrremv kuuwn to ra^^ 
^^H is tbe following: 

^H Mm. W had been stai-ving herself more or less for six 

^^H moiitba fi-om luotivea nf economy. Two weeks before I firKi 
^^M saw her she lieyau to suffer with cystitis. From Ixith tbwto 
^^H troubles sbe luade a rapid recovery, wbieh bus peramttnl now 
^H eighteen months. There was at the first count a leucoci tosis of 
^^B 15,100; partly due to cyanosis, as she bad just been batini; a 
^H chill. The red cells were 7,3O0,0(». Hienioglobin, eighty -sewa 
^^1 per cent. Differential counts were as follows : 


^H Numb-roTc^liciHmled. 




sr 


H»Ttb 


r!€.'' 


Wf ' 


^^1 " Polvnucle;ir DcutrophileB'. . . 


83.7 
8.8 
8-3 
.6 
.0 


82.8 
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1.0 
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4.0 
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80.3 
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^H What cjiused tlie preseuoe of myelocytes I do not know. At 
^^M that time I had never seen them iu any curable disease nod wim 
^H alarmed by their apiwaring, Init this case proves that they am 
^H not always of any importance. 

^^M Tn n geiienil way tlieir presence seems to have about tlio eama 
^^m significance us that of normoblasts, but they occur mnrh more 
^H fn-iimiiiUy. Ah a nile I think they imlicjite an acceleration of 
^^M the fiint^tion of tboHe tirguns (marrow ?), by which ret^l corpns- 
^H cles and granular leucocytes are furnished to the blood. Sor^i 
^H an acceleration may be supimsed to take place in leucocjtnmH, 
^H leukfemia, and |>ernicious anicmia, which are the cliief coudi* 
^H tiona in which myelocytes appear in the blood. ^^J 



CHAPTEE IX. 

GENERAL PATHOLOGY OP THE BLOOD AS REGARDS HuEMO- 
GLOBIN. FIBRIN, LIP^MIA, MELAN^EMIA AND 

HEMORRHAGE. 

HLemoglobin. 

As stated above, the haemoglobin may increase and diminish 
in lines parallel to those of the red cells. In that case we suj)- 
X)ose the amount of haemoglobin per corpuscle to be normal and 
the color index or valet ir globulaire is said to = 1. Where the 
hsBmoglobin is diminished more than the count of corpuscles, we 
say that the color index is less than 1. For example, if a man 
has 5,000,000 red cells per cubic millimetre and only 50 per cent 
of haemoglobin, we estimate the color index by simply reducing 
the count of cells to a stated percentage (5,000,000 cells = 100 
per cent of cells) and dividing this percentage into the haemo- 
globin percentage — i.e., j^/o = 0.5 = the color index. There- 
fore 4,000,000 red cells (=80 per cent) with 60 per cent of 
haemoglobin give a color index of fj = 0.75. 

The color index rarely goes above 1, except in pernicious 
anaemia (see below). As a rule when the red cells are above the 
normal the haemoglobin rises e(}ually, sometimes it lags behind 
a little, but rarely if ever does it rise higher than the cells. 

In most anaemias, as has been pointed out, the haemoglobin 
suffers markedly before any considerable loss of red cells takes 
place. In other words, the corpuscles seem to get thin before 
they die, and except in malaria, hemorrhage, and a few other 
cases they are not destroyed while in the full vigor of health.' 

The loss of haemoglobin is loss of albumin, the chief constit- 
uent of the cells, and hence is usually loss of weight. 

In general the changes in the haemoglobin are best studied in 
connection with changes in the count of red cells, and so far as 
they have not already been mentioned will come in under the 
various special diseases. 

* This is of course not literal. There is no reason to suppose that good- 
sized corpuscles get smaller. It is more likely that a smaller generation 
is sent out by the blood-making organs. 
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FlBRIS. 

The fibrin network to he seeu iu iiormal bloud duriui; coagn- 
latiou (see page 54) is increased in a considerable uuiuber of 
couditions. Hayem liits studied thene utiu^tel^', and diitcribeil 
several varieties of atraugemeiit of fibrin tibrea aa chanu^temttc 
of Hjiecial diueaseH, that in, he studied tibriu qualitntively lu 
well a» ({uautitatively, and also an regards the rapidit.\ of ita 
formation. 

The rate of fibrin fonnation i» often not the same no the rate 
of cougubitiou. It is not parallel to the number of leuciK'jrtoi or 
blood plates, at least not in all cases (malignant diaesaea, 
Bcui-vy). 

Iu a general way we esi)ect increased filirin in infectiowi and 
inflammatory disetkses, bnt there are notable esceptioris to thin. 
The greater the exudation and the freer it is (in a cavity «r 
on the surface) the thicker the fibrin network, while so-c«lM 
interstitial iufiiiianiationH or such conditions as imrenchi ma- 
tous nepliritis show little increase iu fibrin. The seat of th« 
lesiomi haa no considerable influence, except aa it modifier th« 
nature of the lesion, An abscess in oue place has the sum 
effect as an abscess elsewhere, provided it is equally free rir 
equally coufiued, and of the same couteuts. 

Tuberculosis does not increase fibrin if uncomplicated. 
Leucocytosia and fibrin liehave alike in many respects, t-epr- 
cially in relatiou to the vigor of resistance which the iudividoal 
opposes Ui a given infection. V\*hen the individual is so wcjik— 
eueil that he dix's not react well against the infection, the leo^ 
cocytes and fibrin are but slightly increased, when-AS in a vigor- 
ous individual the same infection would have tuarkeiJly ini 
both fibrin and leucocytes. But neoplasms raise thfi count 
leucoi-ytes without changing the amount of fibrin. 

In a general way fibrin increases and decreases as fever doeft-^^ 
hut often i)ersist« after fever is gone. 

The most marked fibrin networks are seen in puenmoni^^ 
acute articular rheumatism, suppurative diseases, and in scurrw^ 
In erysipelas it follows the leucocytes (increased in sevei 
not in mild oases). In the early days of grippe it is inoi 

The fever of hvsteria or chlorosis shows no increase of 
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and post-hemorrhagic ausemia with or without fever shows 
none. 

Fibrin is diminished in pernicious ansemia, not increased in 
leukaemia, typhoid, malaria, malignant disease, non-suppurative 
diseases of liver, nephritis (except interstitial nephritis, where 
it may be increased), heart disease, purpura, hsemoglobinuria 
(sometimes decreased). 

The most valuable point about the fibrin appears to be the 
absence of any increase in malignant disease, whereby a diag- 
nosis between the affection and a suppuration may be helped. 
Otherwise the information given by it is chiefly confirmatory of 
impressions given by other features in blood examination. 

LiP-EMIA. 

The blood invariably contains small quantities of fat, espe- 
cially during digestion (v. Jaksch *). 

In the blood of persons suffering from a variety of diseases 
such as phthisis, diabetes mellitus, obesity, alcoholism, ne- 
phritis, and in some dyspnceic conditions, suppressed menses, 
pregnancy y icterus, typhus, malaria, mental disease, diseases of 
the heart and pancreas, as well as in health, fat is occasionally 
to be seen in considerable quantities. Grawitz' finds that if 
the blood is collected in a fine capillary tube and this is kept in 
a horizontal position for some time, fat rises to tlie suriace like 
cream, and can be seen with an oil-immersion lens in the form 
of fine drops. Gumprecht ' demonstrated it with osmic acid, 
which stains the fat droi)s black, and proved them to be fat by 
dissolving them in ether, xylol, etc. 

Lipsemia has no special significance so far as is known, and 
is not characteristic of the diseases above mentioned. Its cause 
is unknown. 

[In almost any preparation of the fresh blood fat drops are 
to be seen unless the patient's skin is washed with alcohol be- 
fore puncturing. Even with these precautions a few drojMa 
may often be seen in healthy people's blood.] 

> ^'Elin. Diagnostik," p. 75 (EngHsh translation). 

* Loe. cH., p. 160. 

» Deut. med. Woch. , 18M, No. 39. 
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Melanvskia. 

In malaria the occurrence of u black pigment iu the 
oocytes wliicb have takeu plasmoclia into themBelves, is Rener- 
ally to be seen iliiring aud shortly after a iiaroxjeiu. Pi^aattnt 
free in tbe blood is only to be eeeu at the inonieut of wy- 
mentatiou among the new generation of parasiteB. Tlie same 
condition has been ol)fien-ed in relapsing fever and in i>enioiM 
aiiffering from melanotic malignant tumors, the pigment being 
alwaj-e in the white corpuscles. Presumably it mn»t at noma 
time be free iu tlie plasma, but it is larely if ever seen ootsidfl 
the cells. 

In Addison's disease Tschirkoff ' ol>ser\ed pigment in the 
leucocytes. 

HEHOItRUAUE. 



,^^ 



Women can stand a greater hemorrhage and jet live 
men can. Children, on the other hand, succumb to c«ini 
lively slight hemorrhages {cf. Blood in Infancy, page 385). In- 
di^'illual differences make a great difference iu the ability to 
survive hemorrhage, aud no exact amount of blood cao b» i 
stated as the maximum that any one CHn lose aud yet snrviro. 

Cliaiiges in tlte BJood BcsuUing fi-om Hemorrhage. 

The red cells and heemogUibiu of counte suffer proportionally 
at first; later the hiemoglobiu in the newly formed cells is 
always deficient (see below). 

The striking point in the blood after hemorrhage is the eri- 
denee it gives us that even before tlie hemorrhage has ceoned tlin 
other tissues begin to coutribat« fliud to make up the votimie 
upon which life di>pends. The serum is markedly diluted by | 
this fluid, but still series to give tlie heart something to contract | 
on and so prevents blood pressure from falling as fast as it 
otlinrwise would do. Were it not for such contributioua fm;iL 
neighboring tissues the organism could sustain but aliglil^ 
hemorrhage without sucoumbiog at ouce. We have then aftirH 
liemorrhage a diluted or hydriemic blood, even though we dcrai 
>Zeit. t klin Med.. voL xtx.. 18S1. 
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Tiot assist the efforts of uatuie by coutributing fluid by intra- 
vi?Qoua or rectal injeetioii. Bebier teporta a case Jue to trauma 
in wbicli tlie count vmn only 688,000 per cubic millimetre. 

CnagQlatinn increases in rapidity tlie more blood ia lost, so 
that after Bevere hemorrliage it takes place almost insttrntly. 



Blood Kegeseration. 

The tei{eiieratioti of the blood after liemorrliage may be taken 
"K typical of the same process in amemia from other causes. 

Tlie length of time needed for full restoration to normal 
'Ippends not merely on the (a) amount of blood lost, but also ou 
tlie (J)) age and nutrition of the patient aa well as upon (c) the 
uiethoiis of treatment carried out and the esiatence of (d) other 
diseoae (typhoid, malignant disease, phthisis, etc.). 

Allowiuij; for these other conditious we may say that, other 
lhinj(s being favorable, the loss of 
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The la.st ntnouut means a very severe hemorrliage. Few 
""•"Kical oi)erationa involve the loss of over three per cent, and 
"^tersHoh accordingly we esitect the blood to be normal again 
I" two weeks, provided the individual is otherwise sound (see 
"Miguaut Disease, page !!jyi). 

^oung, well-nourished persous are of course quicker in mak- 
'"K up losses than the old and weak, 

Jtlijod ComHtion Ihinnij Regenei-ation. 

1. Ited CiUs.^(A) As previously mentioned, the hiemogln- 
"i^O becomes relatively low as soon as the regenerative process 
■* Well established, and as recovery' i>rogresse3 the red cells are 
"UDost always normal in numbers for some time before the stjit- 
'"^i weight, and color of the individual cells is what it should 
"^ A color index of 0..50-fl.60 is not unusual— in short, what 
**ine rail u " chlorotic" condition of the blood, 

(B) Qualitative changes are those already described on page 
•a. naim-ly: (ri) Deformities in sizo and shape with an average 
'"'•liiintion iusize; (i) jwlychromatophibc cells; and (c) nucle- 
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ated corpuscles. These latter are almost exclusively of the nor- 
moblast type, but an occasional meg^loblast has been observed. 

Blood Crises. — Von Noorden was the first to notice that in 
some cases nucleated corpuscles are to be found in the circu- 
lation in great numbers for a few hours only, the blood examina- 
tion both before and after showing few or none at all. The 
name of " blood crisis" has been given to these sudden outpour- 
ings of nucleated red cells; they are to be observed during re- 
covery from various forms of ansQmia. 

2. TFIiife Cells, — Immediately after a loss of blood we can 
usually find a decided leucocytosis despite the dilution of the 
blood (see above, Post-hemorrhagic Leucocytosis). 

This leucocytosis is in no way different from those occurring 
from other causes. The percentage of polymorphonuclear cells 
is usually increased, and the eosinopliiles often disapi)ear. As 
pointed out by Stengel we may have a lymphocytosis after 
hemorrhage. A case of anaemia from bleeding piles, in which 
the red cells were 2,723,000 and the haemoglobin 35 percent, 
showed in a total leucocyte count of 4,200, 69 per cent of small 
lymphocytes and only 28 per cent of polymorphonuclear cells. 
Leucocytosis if j)resent is rarely very liigL, seldom reaching over 
30,000. It is not invariably ])reaent, or if present sometimes is 
of very short duration. Thus in a ])atient whose red cells were 
reduced to 3,200,000 l)y a profuse uterine hemorrhage the 
white cells counted next day were only 8,000; while in the next 
bed of the hospital was a woman crushed in a railroad accident 
whose red cells were 1,280,000, and the white cells 28,000, the 
usual state of things. 

The leucocytes max l)e increased even bv a cerebral hemor- 

« ft ft 

rhotje which is not large enough considerably to affect the red 
cells in most cases. Ten a])oplectic cases (with autoi)sy) ob- 
ser\'ed at the Massachusetts Hospital showed such counts as 
the following : 

1. Eed cells 5,512,000, white cells 25,000, Hb. 85 per cent. 

2. Red cells 5,560,000, white cells 15,600, Hb. 90 per cent. 
Whether the leucocytes are here affected by any influence 

other tljan that of hemorrhage I do not know. 

The effect of transfusion (intravenous saline solution) is aj)- 
parently at first to increase the leucocytosis. 

D y a patient with traumatic mixture of the urethra, had 
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evere bemorrbage for forty-eight lionrs before it was 
checked at 1 P.M., November Ist, 1895. At 4 p.m., Lis pulse 
beiriK 165, the coiiut showed: red cells, 3,304,000; ■white cells, 
10,400. He waa at ouce Riven a pint of sterilized normal salt 
solatiou br intravenous injection under the strictest asepsis. 
Ten minutes after the trausfusiuu the leucocytes uumbei'ed 
32,400. OLe hour later they were 24,700, and the red celU 
3.632,000. Four hours later leucocj'tes, 31,900; red cells, 
3,046,000. The later counts were aa follows : 

Red cells. WLlIe i.'elU. 

November &I : good pulse 8,608,000 34.600 

2d (B P.M.): goodpulM 3.944.000 30.200 

- 8d (4p.1I.): goodpulae 3,828.000 15.800 

18lh 8,360.000 10,800 

% good recovery waa made. 



ImPOKTASCE for SrRGEET OF BlOOD CoUKTEiO AfTER 

Hemorkhage. 

Mikulicz, who as a surgeon should speak with authority and 
Mo always takes account of the couditiou of the blood in bis 
ee, lays down (following Laker) the following rule : A'ever 
h*fmite on amj owe when the luemoylohin is below thirty per cent. 
'^Eie question of oi>erating at ouce or waiting for recovery from 
"sliock," is a very common ouo in the accident rooms of any 
hospital and is generally settled ou general impressions of the 
Patient's ^-igor. We know, say, that he has lost blood, but we 
*iave no way of ascei-taiuing how much. If his " shock" is due 
^^ hemorrhage he may need transfusion; if it is due to cerebral 
"^'UcQSsion or compression, the transfusion will do more harm 
UiHn good. The blood count can settle these questions, and 
'^'nld reveal much which is now obscure, if it were more fre- 
quently employed in aui^ittal eases and a standard like that of 
"ikulicz worked out. 

In cases of suspected ruptured tulje in extra-uterine preg- 

''fttwy, the question of whether the patient is suffering from in- 

"'mal concealed hemoiThage can be settled in many cases by 

"»6 blood coimt, which will show a decided loss of red cells if 

9 
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the hemorrhage i» large, aud thereby duitiiiiimsli the condition 
from peritouitis, obstruction, or strangulated hernia, none of 
which alfei^ta the red cells. Any other concealed hemorrhage, u 
for instance from ruptured kidney or spleen or liver, may he 
indicated by the blood count when by other physical sigus the 
diagnoBis might be very difficult. 



Sumimtn/. 
I of importaiiL-ti after caauB of supposed 



4 



The blooil count 
hemorrhage. 

1. To ascertain whether such has taken place. 
'2. Its extent. 
, Whether operation is to be immediate or not. 

4. Whether trausfusiou is indicated. 

5. How soon the patient has got back enongh blood to 
o]>eratioa worth while. 

Chronic Hejujiibbaoe. 



Files, nterine disease, htemophilia, purpura, and other cwtSM 
may produce a long-staudiug draiu on tlie blood. 

Some patients apparently can lose a little blood almost daily 
for years without acquiring any severe aneDmia, and if the indi- 
vidual is otherwise sound and docs not suffer from an nnderly- 
iug disease like phthisis, cancer, or nephritis, he o^n probably 
go on for a long time without showing any baj:l effects from the 
repeated small hemorrhages. How much he can stand we have 
no way of judging, for we cannot measure tlie amount of blood 
lost. Wlien, however, such small re|)eated losses do produce an 
au»mia, regeneration is apt to be much slower than after a 
single large hemorrhage. The longer the drain has been going 
on the poorer the chance for recovery, and the slower the latter* 
will be if it does take place. 

Gain in body weight does not always mean gain in corposd^v 
substance as well (see Malignant Disease, page 336). 
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PART I. 



DISEASES OF THE BLOOD. 



CHAPTEE I. 

THE PRIMARY ANEMIAS. 
1. THE BLOOD IN PERNICIOUS AN^EMIA^ 

The definition of the disease has been sufficiently explained 
before (see page 84) and we can proceed at once to the descri^)- 
tion of the blood. 

1. Gross appearances. 

(a) The drop as it emerges from the puncture is often exces- 
sively pale and watery, but not more so than may occasionally 
be seen in secondary anaemia or chlorosis. Sometimes it is not 
nearly so pale as in other cases with equally low counts, a fact 
which may be due to the increased color index sometimes present 
(see below). In one case (color index 1.2) I have seen the 
blood as red as normal. 

Another appearance, which I have .freciuently observed in 
tliis and other anaemias, is an uneven, streaked color in the 
drop, as if the cells were unequally divided in the plasma. 

(6) As striking as the color of the drop is its great fluidity ; 
t lie rapidity with which it sUps oS the ear or finger often makes 
it difficult to suck it up in time. It is usually very slow in 
^•*>^H?ulating. 

2. The fresh specimen in most cases shows no rouleaux forma- 
^*ou^ a diminution in blood plates and fibrin, and usually great 
^'^Hutions in the size and shape of the corpuscles with a ten- 
!;*f ^cy to an oval shape and an increase in the average diameter. 

'*t infrequently the deformed corpuscle shows active i)seu(l()- 
^^tit»boid motions of its projecting points or of the cell as a 
^^<>le. The great lack both of red and white cells is noticeable 
^^^u in the fresh specimen. 
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Bed CeUs and Bamoghliiu. 

{'() Quantitativp clianges (nee Table I. ). Tlie aversR** connt of 
red fella iu tho sixty-eitjht oaBee of my table ia almiit l,'iOiJ,U00, 
which luay be taken as the averai^e count in patients seen at the 
stai^e of tlie disease at which they feel sick enough to seek uiuili- 
cal a(l\-ice. ' We very rarely get an opportunity to euuuiue the 
blood in the early stages of the disease, so that wo have to JQil){o 
of them chiefly from the evidence given duriug the remission no 
commonly ob8er\-ed. Iu the relapse following such a remisiuoa 
the blood count may faU from 5,000,000 to 1,000,000 iu ft period 
of fi'oin six weeks to six months. In the later stages of the dis- 
ease 500,000 red cells iier cubic millimetre is not rare, and if tho 
diminution has been gradnal, the patient may be up and abont 
and able to do light work with a count no greater than this. I 
had an opportunity to observe such a case in the wards of Dr. 
F. C Sbattuck at the Massachusetts General Hospital five 
years ago, where for several weeks the blood count remained iit 
or near 500,000, yet the patient was outdoors daily, read the 
pii])erH, and seemed r'^rfectly comfortable. Eiidently it is not 
the amomia itself which kills the patient. 

The lowest count on record is that reiMtrted by Quincke — 
143,000 per cubic millimetie. 

Tablb I, 
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Table I.— (Continued). 



8H,000 
963.000 

963,000 

9B4,000 

B88.000 

902, 5S3 

LOW. 000 

1.0M,400 

1.084,000 

1.060.534 

1.092.000 

1.111,000 

1. 113.000 

i,m.ooo 
i.iaT.ooo 

1.140,000 
1,150.000 
1,1.10.000 
1.IT6.000 
1.200.000 
1.336,2M 
1.2M,000 

i.awt,ooo 

'.388.000 
.289,000 
1,396.000 
1,300,000 
1.836,000 
1.844,000 
1.8M,000 
1.4118.000 
1.488,000 
1,600,000 
l.S18,000 
1,082,000 
1.983.000 
1.600,000 
1,887,000 
1,633,000 
l.T5S,000 
1,768.000 
1,600,000 
1.800,000 
1,800.000 
1.81H,000 
l,«78,00O 
1.884,000 
1.830,900 



(b) HlOBIHT CQCHT. 



i.iao.fm 

1,111,000 
3,830,000 
1,136,000 
1,137,000 
1,140,000 
2,802,000 



4,000 



1,910,000 
1,638,000 
1,396.000 
1,800,000 
1,886.000 
1,344,000 

1, '500,000 

3,700,000 
1,916.000 
4,760.000 
1,768,000 
4,083,000 



1,632,000 


1,709,000 




2,868,000 



1,873,000 
1,889,814 
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623,160 
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664,000 

t. 388. 000 

1,131,000 

1,248.000 

B70,000 

966,000 

758,000 



1,460.000 
1,016.000 
1,634,000 
1,000,000 

1,388,000 
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Tlie great but temporary improvemeDta above alladed to, 
followed by relapse, occur either witli or without treatmeDt. 
lu tln^ cnurae of a few mouths the count of red ceUa may riae 
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to normal, the uucleated corpuscles (see below) (lisapx)ear, and 
the patient is ax)parently restored to health and goes to work 
with a laugh at the doctor. I have followed one case through 
five such relapses in a period of three years before the fatal 
issue came. Frequently the patient feels so well during one of 
these remissions that he goes to work and is lost sight of, and, 
under such conditions, the incautious are &pi to report "cure." 

The accompanying charts * show the three types usually met 
with ; No. II. being, of course, only a fragment of a case similar 
t<) No. I., while the steady progression of No. III. may have 
been preceded by a rise from a former downfall, though no such 
history was obtained. 

Looking over a considerable number of cases, one can 
hardly help being struck with the tendency of the count to 
remain near the figure 1,000,000. Cases rarely remain sta- 
tionary at, say, 2,000,000, and often die without sinking be- 
low 1,000,000. It seems as if some self-applying mechanism 
tended to arrest the destruction of corpuscles at or near this 
point (see Table L). 

In counting the red cells some diflSculty and error may result 
from the very small size of some of the ceUs. It is especially 
important that the diluting solution should be clean and freshly 
made, else without the aid of a stain it mav be hard to distin- 
guish the dwarf cells or microcytes from bits of extraneous sub- 
stance. 

Quantitative Chamjes, 

White Corpuscles (see Table II.). — The rule is a very consid- 
erable diminution in the number of leucocytes. Thus of sixty 
cases which I have examined forty-two were under 5,000, the 
average of all being 3,800. 

[I have excluded from this series counts made immediately 
after hemorrhages and counts in infants. The latter are very 
apt to show a leucocytosis in connection . with any form of 
amemia.] 

As the disease progresses the leucocytes fall even more 
rapidly tlian the red cells, and counts as low as 500 white cells 
per cubic millimetre are not uncommon. 

* The number of perpendicular lines represents the number of weeks. 
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Leucocvtosis when present in the blood of adnlt cases is 
always due to some complication like hemorrhage or suppnra- 
tion. 

Table II.— WmxE Cells— First Examination. 



No. 



1 
2 
3 
4 
5 
6 
7 
8 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



White cells. 



400 
500 
800 
1.000 
1,000 
1,000 
1,500 
1,600 
1,800 
2,000 
2,000 
2,000 
2.000 
2,000 
2, 300 
2,600 
2, 800 
2,800 
2,800 
2,800 



No. 



21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 



White cells. 



2,900 
3,000 
3,000 
3,200 
3,200 
3,300 
3,400 
3, 500 
3,600 
3,700 
3.704 
4.000 
4,000 
4,000 
4,000 
4,200 
4,300 
4,400 
4,500 
4,720 



No. 



41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



White cells. 



4,828 
4,900 
5,000 
5,200 
5,300 
5,500 
5.600 
6,000 
6,000 
6,000 
6,400 
6,500 
7.000 
7,200 
7,500 
7.600 
9,000 
9,600 
10,000 
10,100 

Average = 3,800 + 



As mentioned above, the blood plates and fibrin are much 
diminished. 

In four cases in which Dr. Lindstrom, of Boston, was kind 
enough to give massage, we were unable to see the slightest gain 
either in corpuscles or htemoglobin, such as can be produced 
temporarily in most healthy x)ersons. The observations of J. 
Mitchell on this point we w^ere unable to confirm. 



Hcemoglohin. 

The great majority of cases of pernicious anaemia have a 
relatively high percentage of haemoglobin {e.g,, 1,000,000 red 
cells and 35 x>^r cent, of hsemoglobin, or a color index of 1.76). 
In some cases this is not so, and in others we cannot tell 
whether it is so or not, owing to the unreliability of the v. 
Fleischl instrument when used for very low haemoglobin per- 
centages. 

Of the 50 cases in the series on page 134, in which the haemo- 
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globin was tested, a color index of over 1 was apparently 
present in 29, or 58 per cent, and a color index of less than 1 
in 21, or 42 per cent, of the cases. How many of these hsemo- 
globin estimations may have been wrong I cannot say. 

From the frequency with which we find the corpuscles well 
stained and larger than normal in pernicious anaemia (see below), 
we should expect that the haemoglobin would be relatively high, 
and in a larger i)ercentage of cases than the v. Fleischl instru- 
ment indicated. 

An increased color index is probably a bad prognostic sign. 
In the remissions of the disease when the cells are increasing 
fast, the hiemoglobin lags behind and the color index is lota. 
As the relapse foUows, the color index in many cases progres- 
sively increases. Cases laliose color index is low and in which 
the average diameter of the red cells is normal are apt to he 
gaining at that time, while those with high color index are apt 
to be losing at that time. 

The average color index in the cases in which the haemo- 
globin and red cells were both tested was 1.04, the average 
X)ercentage of haemoglobin being 26 and of corpuscles 24 
(=1,200,000). 

Qualitative Changes. 
1. Bed Corpuscles. 

(a) Increase in the average diameter of the cells is a very 
constant and striking feature of the stained specimens in this 
disease. In no other disease do so large cells or so many of 
them occur. 

Out of forty-eight cases in which I have looked for this 
point, forty-one showed the increase, as far as could be judged 
without actually measuring any large number of cells. This 
does not mean that every cell is larger than normal, but that 
those larger than normal outnumber those undersized; the 
** macrocytes" are more numerous than the " microcytes." Oc- 
casionally we see cells over 20 /x in diameter, some with nuclei, 
some without. 

(6) Deformities in Shape. — The eye soon gets used to the 
Bhax)es assumed by the necrobiotic corpuscles and learns to dis- 
tinguish them from the distortions due to technique or to crena- 
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tioD. Most of tliPiii fall uiider our or nnotlier nf the types showB 
in Plate IV. Litteu lias laid particular stress on the horseshoe 
forms, and thinks them peculiar to pemicioas aDnciuia. Tlie 
battledore and sausage-Bhai^ed forms are verj common. In 
one case I found all the red cells of the latter shape, so tliat th«y 
lookG<l at first sight like a lot of gif^autic ba<>ilh. That this ap- 
pearauce vrs not duo to the teclini<|ue''(As I had at flrst sa[f 
posed) is prohahle from the fact that the rod-shaped cells did 
not iM)int all iu ime dircL-tiou as thev would have doiie if [lolled 
out of sbajje b.v the process of Kpreadiuj; (awl'iy. 30). Tliisap- 




'; ''^cf^. 






I 



])earance is onlj* au exaggeration of what may Im seen iu moat 
severe auirmias, uamctly, a tendency toward an oval sliape Uke 
that of amphibian corpuscleti. This is usually true of tboM 
cells (in i)eruiciona crises) wliich art* not more violeuUy deformed. 
Occasionally we see cases with no considerable deformitiw 
whatever in the red cells. In nine ciises out of sixty iu whidi 

'Some wTitpn> hiIvim- the unf of ln» heat tljaa usual in •If^liog with 
cofer-);laaB specimens iif perniciniu anietniA. I have not foanj t 
mud heat as usual up to 150° C, anil tbea eiop. 
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mint was observed, little or no deformity was noted. I 
cumiot make out that eurh caaes have any better or worse prog- 
uiJsiB than others. I have never seen cases whose red cells were 
all iindrrtiizcft, but a normal averaye diameter was present in 
*<mit>wluit Tinder one-quarter of the cases in which I have looked 
imt for this point, 

((■) SfaititDg Properties of the Red Cells. — The wJnt© syKits or 
slreaks described by Maragliauo, Hajem, and others are very 
often seen in the red cells of [lernicious anromia despite good 
(et'lmiqua. Some corpuscles are so pale in the ceutie that we 
see only the narrow rini; of stained protoplasm at the periph- 
ery, a mere shell. Others are swollen up so as to show no sign 
of central biconcavity, and stain deeply and evenly all over. 

More common than in any other form of auiemia are the 
lolychromatophilic red corpuscles (see Plate IV.) which with 
*!>« Elirlich-Biondi mixture stain brownish, purple, or gray, 
eitlier as a whole or in parts. In the nucleated red cells the pro- 
•"•plasm is very apt to show this change, so that it is often diffi- 
"I't to distinguish thera from lymphocytes. In difficult cases 
^^ liave sometimes to fall htmk upon the appearances of thri 
*^Ke or periphery, which in most rod corpuscles shows some 
thiii {jiace or crinkle characteristic of a Jfnt cell, while the lym- 
phocyte gives as the more solid-looking outline of the spherical 
cell. 

AH these microchemical changes can be better brought out 
^th hrematosylon-eosin or eosin-raethyl-blue stjtins, but all 
that is needed for clinical purposes can be made out with tho 

Iinary Ehrlich-Biondi mixture. 
Nucleattd Red Corpuscles. 
J«othing further needs to be said in description of these forma 
i nlmve, pages 89-!>4). W© have no ej^cwf method of estimating 
*iumber of nucleated cells either in relation to the whole nura- 
of red cells or in a cubic millimetre. All we can do is to note 
^^ tnunber seen in surh an area of a cover-glass specimen as is 
•^"^eted while counting a given number of white cells, say 1,(XX), 
^^p^ving the ratio of red to wliite corpuscles, we can calculate 
^^B^*i this number of nucleated red cells their approximate re- 
^^V^<^n to the whole number of red cells. 

^" Thus if the ratio of white to red be 1:1000 (1.000,000 red 
"^^ 1,000 white) and we have seen two nucleated red corpuscles 
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while making a, iliffereiitiiLl coimt of 1,000 white oclhi, tb« total 
□nml>er of retl cells passed over must be approTcimately 1,000,- 
000 and the number of nucleated cori»ii8cie8 aboat two in 1,000.- 
000 red cells or two in a cubic niillinietre. Of course whew 
leucocytosis is present aud the ratio is raised— say to 1 ; 150 
(10,000 white aud 1,>j00.000 red) — fiudint; two nucleated red 
cells while countiug 1,000 white would meaii that there wore 
two nucleated celJa in every 150,000 nou-uucleated, or twenty 
in a cubic millimetre (or in 1,5(X1,000 uou-uucleated cells). 

Such calculations are inaccurate l>e(aiU8e we are never son 
that the red celld and whit« cells are distributed in the dried siwci- 
meu exactly as tbe\ are in the blootl. Part of the lencocytm 
ma}' be accumulated at the ed^s of the cover-glass so that the 
ratio in the middle may Ite different from that in the circ-ohttinK 
blood. 

Nevertheless we can get some idea of how i>1entiful the nu- 
cleated corpuscles are, and as their significance in progunsin 
dei>ends far more on their kind than on their iiinnlicr, greater 
accuracy aa to the latter is not at present imiwirlaut. For in- 
stances, tivo megftloblaats per cubic millimetre mean a won(» 
prognosis than twenty normoblasts, pronded there are no other 
kinds present in either case. It is the mllu of megalobla«ta to 
normoblasts and not the abeolnte number of each, that is of iin- 
portauce. 

In all of the sisty c^ses of pernicious aniemia in which C 
have eiumiued the blootl, the number of megaloblasts has ex-^ 
ceeded the number of normoblasts, aud as the cases grew wore^ 
the me^aloblasts grew relatively more unmerous (oft4>u rIh'>— 
Intaly aa well). Further, in several hundred cases of aever» 
secondary auiemia I have never yet seen the uuml)er of megalo— 
blasts exceed the numlter of normobhists. 

The range of variation in the number of nucleatetl cells pr««- 
ent has extended in my series from 6 i)er cubic millimetre to 
7,100 per cubic millimetre (see Table III.). The calcuhitJon can 
be made by using the following formula. 

Ix'tii = the number of white eel I a counted (by differential cnunt). 

" m= ' " nucleated red cell«se«n wbile counting these. 

" p= " " white cells per cubicuiilliineti«(Tlion)«-Zei«). 

pX — = x= number of nucleated red cells per cubic millimetre. 

The search for nucleated corpuscles in pernicious aniemia 
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is sometiineB the most laborious undertaking in all blood ex- 
amination, bnt it is also one of the most important. We may 
search two or three hours before finding one nucleated cor- 
puscle, but on that corpuscle may hang the character of our 
prognosis. If it be a megaloblast and no other nucleated 
red corpuscles are seen, the prognosis is bad, and it is impor- 
tant that we should know it. This is particularly true when 
the case is seen during a remission, for imder these conditions 
ve might never suspect a case of pernicious anaemia but for the 
presence of megaloblasts. They are not always difiicult to find; 
indeed, in one of my cases they were nearly as numerous as the 
white cells, but, as a rule, we do not get off with less than two 
iours* work. 

The following table (Table III.) shows the number of nucle- 
ated corpuscles per cubic miUimetre in thirty of the cases ex- 
amined by the writer. 

TABLE III. —Number op Nucleated Red Cells per Cubic Millimetre 

IN TraRTY Cases of Pernicious Anosmia. 



Cue Number. 


Total nucleated 
red cells. 


Megaloblasts. 


Normoblasts. 


Microblasts. 


1 


7,100 

6,468 

854 

277 

240 

229 

208 

200 

117 

116 

114 

112 

06 

96 

92 

46 

45 

39 

85 

28 

28 

28 

18 

14 

11 

11 

11 

9 

8 

8 


6.800 

3,476 

574 

277 

160 

123 

130 

134 

103 

80 

95 

96 

96 

84 

59 

26 

36 

33 

32 

26 

21 

28 

12 

14 

11 

10 

9 

6 

7 

2 


1,325 

924 

266 



80 

106 

78 

66 

14 

36 

19 

16 



• 12 

33 

20 

9 

6- 
3 
2 
7 

6 


1 
2 
3 
1 
1 


475 


2 


2,068 


3 


14 


4... . . 





5... . 




«... . 




7.... 




8.... 




«... . 




10... . 




11... . 




12.... 




18 




14.... 




15.... 




1«... 




17... 




18.... 




19... 




20 .. 




21... 




22.. 




23... 




24... 

25.. 

26.. 

27.. 

28.. 

29.. 

80.. 
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White Corpuscles. 

Qualitative Changes. — Uiiless the cover-glasses are spre 
uuusuall}' thick, it may take a long time to find enough k 



TabI£ IV.— Pkrcentaoks of Leucocytes in Pernictous Anaemia. 



LTMPHOCTTU, LaROB AMD SMALL. 


EOSIMOPBILU. 


Numlier c 


No. 


P^r cent. 


No. 


Per cent. 


cuunts. 


I 


79. 

1 1. 

71. 

61.6 

58. 

57.6 

57.2 

57. 

56.9 

56. 

58.9 

53.8 

51.5 

49.5 

49.4 

47.9 

47.9 

47. 

40. 

45. 9 

45. 5 

44.7 

43. 7 

42.3 

41. 

40. H 

40. 5 
39. 

:J8. ' 

37.8 
30. 1 
35. 7 
3.5. 6 
35.6 
34. 


1 


9. 

6.2 

6. 

4.7 

4.6 

4.5 

4.4 

4.3 

4. 

4. 

4. 1 

3.7 ' 

3.5 

8.4 

3.4 

8.1 

8. 

2.8 

2.7 

2.6 

2.6 

2.6 

2.6 

2. 

a. 

o 

1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.4 
1.2 
1.2 
1.2 


1 


o 


2 

3 

4 

5 


1 


3 


1 


w. ...... ........ 

4 


4 


5 


2 


6 


6 


8 


t 


7 


1 


8 


8 


1 


9 


9 


1 


10 


10 


5 


U 


11 


1 


12 


12 


•> 


13 


13 


1 


14 

15 


14 

15 


2 
1 


10 

17 


16 

17 


1 
3 


18 


18 

19 


2 


19 


2 


20 

21 


20 

21 


1 
3 


♦>•> 


22 

23 


2 


23 


1 


24 

25 


24 

25 


1 

1 


2« 


26 


2 


27 


27 


1 


2H 


28 


1 


29 

30 


29 

30 


5 
2 


31 

:Vi 


31 

' 32 


1 
1 


;w 


33 


1 


:m 

35 


34 

35 


3 
1 


:m 


36 


1 1 



cixsytes for an accurate differential count, so great is the lenc 
juniia in many cases. It is worth while, therefore, to spre 
some cover-ghisses more thickly than would l>e advisable if ' 
had only the red cells to examine. Such preparations shou 
be drieil at once by artificial heat. 

Lymphocytosis is the chief feature (see Table IV.). 
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Table rv. —Percentage op Leucocytes in Pernicious Anjsmia 

(Continued). 



Lymphocytes, liAKOK and Small. 


EOSINOPHILBS. 


Number of 


No. 


Per cent. 


No. 


Per cent. 


counts. 


37 


33.6 

33.1 

33. 

33. 

31.8 

29.4 

28.7 

28.4 

27.3 

27.2 

26.5 

24.2 

22. 

21.2 

19.8 

16. 


37 


1. 

1. 

1. 
.8 
.8 
.8 
.7 
.6 
.5 
? 

.3 
.2 
.0 
.0 
.0 
.0 


1 


38 


38 


2 


39 


39 




40 


40 




41 


41 




42 


42 




43 


43 




44 


44 




45 


45 




46 


46 

47 




47 




48 


48 




49 


49 




50 


50 




51 


51 




52 


52 











In 52 cases examined by myself the lymphocytes (large 
and small) averaged 45.4 per cent. About nine-tenths of 
these were small forms. As the fatal termination approaches, 
the i)ercentage of lymphocytes rises. An extreme case of this 
change has already been recorded on page 90. Two other 
cases showed respectively 71 and 79 per cent of lymphocytes 
a few days before death. The polymorphonuclear cells 
suffer i)roportionately as a rule. On the other hand, Ewing 
has observed a marked rise in the percentage of the poly- 
nuclear cells near death, although autox)sy revealed no com- 
plication. 

Eosinophiles are occasionally increased, 9 per cent being 
present in one of my cases, 6.6 per cent in another. The aver- 
age of 78 examinations in my 52 cases is 2.7 x)er cent. 

Small percentages of myelocytes are the rule. They are 

present in 42 of my 52 cases. The following table shows the 

percentages : 
10 
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Table V. 



No. 


Percentage 


v*^ 


PerceDtai?e 


%T^ 




of myelocyteii. 


No. 


of myelocytet. 


No. 


otmyeloeyvem. 


1 


9.2 


19 


1.8 


87 


0.6 


2 


8.8 


20 


1.5 


38 


.6 


8 


8. 


21 


1.5 


39 


.5 


4 


6.3 


22 


1.5 


40 


.4 


6 


6. 


23 


1.4 


41 


.8 


6 


4.6 


24 


1.2 


42 


.2 


7 


4. 


25 


1. 


43 


.0 


8 


4. 


26 


1. 


44 


.0 


9 


8.6 


27 


1. 


45 


.0 


10 


3.4 


28 


1. 


46 


.0 


11 


3. 


29 


1. 


47 


.0 


12 


3. 


30 


.8 


48 


.0 


13 


2.7 


31 


.8 


49 


.0 


14 


2.5 


32 


.8 


50 


.0 


15 


2.2 


33 


.6 


51 


.0 


16 


2.2 


34 


.6 


52 


.0 


17 

18 


2.2 

2.0 


35 

36 


.6 
.6 


Average = 


: 2 per cent. 



As has been explained above (page 121), the myelocyte is 
found in a great variety of aflfections, although very sparingly 
in most, but, so far as my observations go, its presence is more 
constant and the percentages run higher in pernicious anaemia 
than in any other disease excei)t leukaemia. I am speaking now 
of percentages. With a leucoi)enia such as is usually present 
in pernicious aniemia, 2 per cent of myelocytes means absolutely 
a very small numter per cubic millimetre. 

Taking 3,800 leucocytes per cubic millimetre as the average 
for pernicious anjemia (see above, ]mge 137) 2 per cent of mye- 
locytes amounts to only 76 per cubic millimetre. In leukaemia 
the absolute number of myelocytes is seldom under 150,000 per 
cubic millimetre. 

The more important characteristics of the blood of pernicious 
anaemia are as follows : 

1. Red cells ahout 1,000,000 per cnhic millimetre, 

2. White cells much diminished. 

3. Haemoglobin variable, sometimes increased relatively (= 
high-color index). 

4. Deformities in size and shape of red cells in many cases. 
6. Increase in average diameter of red cells, 

6. Polychromatophilic red cells. 
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7. MegalohlaiifK mm-e numei'ous than voi'mohk^lH. 

8. Lymphocvfosis. 

9. Small percentage of m.velocyt«n, 

The items italicized are the most important aLil character- 



Diaijnoalic Value. 

1. Pemicioua anannia and chlorosis may be io distinguishable 
liout the examinatioa of the blood. The pallor of the two 

8 is not always different either in degree or in kind, and 
f the symptoms and physical signs may be identical. 

The differential diaguoaia ia easily made by the blood. 

The red cella rarely reach as low as 2,000,000 in chlorosis and 

tlje number and degree of degenerative changes are less than in 

permcious anicmia. Megaloblasts have been seen in chlorosis 

. (SuDiDtersclil^) but have never constituted a majority of the 

I iDtdeated red cella ijreaeut. In the great majority of cases the 

EjMllor and other signs and aym])tom8 of chlorosis are due to 

lek of hieuioglobin jwr corimacle {for the corpuaclea are not 

uly pale but very amalt-sizeil), and not to a lack of corpuaclea. 

I high-color index and large size of the scanty cells in i>er- 

mia constrast strongly with this. 
The white cells are about the same in both diaeasea, though 
nally fewer in peruicioua auiemia, Lymphocjtoais ia common 
I both diseases. Myelocytes are occasionally found in chlor- 
WOB, bnt much less commonly than in i>eniiciou8 aniemia. 

2. Pemidoiis Ammiia oml the Aixvmia of MallijDaid Disease, 
• — Not long ago I examined the blood of a gentleman who had 
KTiuloally and without assignable cause acquired a "lemon-yel- 
low" pallor, without loas of flesh, vomiting, pain, or any locali^ 
ii^ sign or symptom. The diagnosis of pernicious auiemia had 
Iseen made. To my great ourprise I found over 4.000,000 red 
c^Us, with only 38 per cent of haemoglobin, and 18,780 white 
ooIIh, H6 i>er cent of which were polymorphonuclear neutrophiles. 
One normoblast was seen. Fibrin was not increa.sed. The 
a.i»fliiiua was evideutly set-ondary, and the autopsy ten months 
labr showed cancer of the stomach. 

Malignant disease may bring down the count of red cells to 
1.000,000 or lower, but in siivh cases leuocytosis ia usually 
pivsent. As will be seen in the chapter ou malignant diaeaae. 
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leucocytoeis is by uo meatin invariable in the ansenuK o! e 
cerous ^owth, but !n fhom- nmes whicii cause Bueli t 
SB to resemble the couutH of jteniicious auH'iaiH, le>ii.>oo,vt<)sis is 
the rule. This in itself is usimlly suffiuieut to exclude nuonm- 
plicated pernicious aufemia. ^Ijere an im-rBiise in the wh«l« 
namlwr of leucocytes is not preseut in malignant disease, 
there is often an increased iiercentane of [mly luoriihoDuclear 
c«1Ih, contrasting strongly with the infreiised iH^rceutage <if lym- 
jihocytes in pernicious anieuiia. Normoblasts and not iiiegalo- 
blasts lire the nile in malignant ilispase. If luegaloblaHts ant 
present they are in the minority, while in jiemicious anaemia 
they are in the majority. Tlie average size and staiuiug |iower 
of the i-ed cells is increased in most cases of jiemicionti antpmia 
and decreaHe<l in most cases of malignant disease. 

3. Prruiciijiis Aiimnin and other Seco»(hn-t/ Amrmia*. — Mo«t 
secondary anfomias which are severe enough to reduce the count 
of red celk below 2,000,0(H) follow the tj-]>e of malignant dis- 
ease and show leucocytoeis. The great i>alIor and dyspmes. 
Been in connection with some cases of /'(?icrcii/i«iw and ut-phrilig 
rarely mean a low count of red cells, but simply a loea of 
hiemoglobin. I remember two cases in n«lJftcout beds at th» 
Massachusetts General Hosi^ital, both with extreme yellow pal- 
lor without emaciation; one had 1,020,000 aud the other 4,100,- 
000 red cells, tlie hiemoglubiu iu each being about thirty per 
oent. Tlie first was iiemicious aniemiu, the second nephritis. 

Purpura, ty phoid, lead |>oisouiug, chronic malaria, and other 
diseases may reduce the red cells t^i a point as low as that seen 
Id early stages of pemicions aufl?mia anil may not be arrompn" 
nied Jy leiKW/loew ; but the absence of changes mr>st cliara<v 
tertfitic of the latter disea^^e (a majority of megaloblaats, in- 
creasetl diameter and color index in the red cells) serves to make 
the diuguosis clear.' 

4. Pernicious Antemut and Lfuka-mh. — Occasionally in in- 
fants these two diseases seem to approach very near each oth«r 
aud are difficult to distinguish. In infancy , as is well known, 
any amemia (primary or secondary) is apt to be aocompanicd b<r 

' Another point of dilT«reDc»emplitu>x(sl byOniwitz in thai Ihf plaam* 
of pemiciouii antetntn has a relatively larger amount of iH>iids than thu <tf 
■kniemi* w>ooDriary to the above dinesAei*. ThU is hardly « dinicKUj t^ i 
plicahle t«Ht, hut ia nai<i to be a raluahle one. ^^h^ 
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leucocy tosis and an enlarged spleen. Further leukaemia, which 
in adults usually causes a relatively slight ansBmia, affects the 
red c^lls much more strongly in infancy, and may reduce them 
to a number decidedly suggestive of pernicious anaemia. There- 
fore in both diseases we may have enlarged spleen, great anse- 
mia, and leucocytosis. 

The one characteristic point of leuksemic blood — the abun- 
dance of myelocytes — usually enables us to distinguish the two 
diseases, for although present in both diseases the myelocyte 
is much more plentiful in leukaemia. Unfortunately we have 
no way of fixing just how numerous myelocytes must be in 
order to constitute leukaemia. It is only in infancy and very 
rarely then that this difficulty arises, but at that x>eriod I am 
inclined to believe that we sometimes see conditions intermedi- 
ate between the two diseases, indicating the ultimate identity of 
the two. Their numerous clinical resemblances cannot here be 
discussed. (For further comment on this point see page 395.) 



Pbognostio Value op the Blood in Pernicious Anjemia. 

The prognosis is always very bad, but the following scheme 
indicates the presence of a severe or of a mild type: 



1. Severe (ixipidly fatal). 

(a) Extreme progressive an- 
emia. 
(6) High-color index, 
(c) Increase in size of red cells. 
{d) Degenerative changes, 
(e) Numerous megaloblasts. 
(/) Few or no normoblasts. 
(g) Lymphocytosis. 



2. Less Severe (slowei* course). 

(a) Bemissions. 
(6) Normal or low-color index. 
(c) Normal-sized or small cells, 
(cf) No degenerative change, 
(e) Numerous normoblasts. 
(/) Few megaloblasts. 
(g) Normal percentage of poly- 
morphonuclear cells. 



It has been thought by some observers that the absence or 
great scantiness of nucleated corpuscles indicated lack of any 
effort at regeneration on the part of the blood-making functions 
and hence a peculiarly malignant type of the disease. I have 
never seen cases in which no nucleated corpuscles were present, 
but their scantiness has seemed to me as a rule to be associated 
with a more slowly fatal type of the disease. 

No significance has seemed to me to attach to the presence 
of larger or smaller percentages of eosinophiles. 



SPECIAL PATHOLOGY OF THE BLOnD. 





^SS" CU"™^ 


8i!coDdax7 tf ubeinlK In 
aaffimlk. { luruc;. 


H*<iMll3,.. , 

While crflB— . 


About 1,OOD,OW.., 
Draillf decrewied 

Often relitlTdj 

lilgl. 
CoDsUtute the ma- 


"-.SS*.'"''" '- 

Usually DormaL... 
Always relaUvel; 


May iw 1,000.000 
C«u^ly in- 
Various: DOtiU- 

ereued. 
8»ro 


May be under 

UiUBlly morv in- 
creaaed than to 
any other du- 

RelaUvely low. 


DUniDiabed 


- i 


Lymphocjus,. 




CBUally lnc™«ed. 

Ukui^ dlmin- 

Dsually luore 
Qumerou* than 
Id other dlsettwB. 


rr::::. 













4 



To Ulnstmte the <Uffereut size of tlie cells in cMorosiB and 
pernicious iimemia 1 Uuve had photographs taken of the bloud 
of a case of two of these diseases and of normal blood, aU on p 
cite!'/ the name hi-uI^. See Fij^s, 31, 32, 33. 
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9. THE BLOOD IN CHLOROSIS. ^^B 

This has been already deaorilted for tlie most part under tiw 
headiiig of SecoDclary Aniemia. In many oiues the two are iti- 
distiut^nishable by the blo<xl esHniiuation alone, the changes 
consisting eimply in the piPHeuce of liglit, BUiall-Bized, iKilf!, 
more or less deformed red cells whose number may or may not 
be decreased, according to the severity of the cjtse. Leiit-ocy- 
tosia is rarely if ever present in uucompUcnted chlorosis, but is 
often absent in secondary anicmia. Xorntoblasts may bo pres- 
ent ill both. The chief points of distiactiou are : 

(a) The red cells are more apt to be uniformly undersized 
and under-colored in chlorosis, while in secondary amemia we 
more often find normal cells nmnu^ the diseased ones, 

(fc) The color index may Ijg lower in clilorosis than is com- 
mon in secondary auRmia, and this lowerinK is more oonatant in 
chlorosis, 

((■) Lymphocj'tosis. which is very common in chlorosis, is not 
so common in secondary anaemia. 

((f) Nucleated corpuscles are less common in chlorosis than 
in amemia secondary to malignant disease. 

(e) Coagulation is rapid, in contrast with the very slow clot- 
ting of pernicious auivmia and of many secondary aujcmias. 
Yet fibrin is not increased. 

The Jil'jod in Gross. 
The pallor of tlie drop is sometimes escesaive, fnlly as greafe 
as in pemicioua auicmia, and tlie litjuid is very fluid and thin. 
Yet it coagulates very rapidly and our technique most be 
prompt. 

Bed Cells and Rsmoolobin. ^^H 

QuanlHative Changes. ^^^H 

Hayem has recorded cases whose count was as low as 1,603.' 

000 and even il37,:3(10 j>er cabic millirnetre. Such figures ara 

certainly rare in this country, and the stiiking tact is nsttally 

the slif/h( numerical losB of red cells, considering the extrema 

I pallor of the juitients. 
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The lowest count iu the Massachusetts Hospital series 
was 1,932,000, and in W. S. Thayer's 63 cases 1,953,000. 
The* accompanying tables, from the Massachusetts Hospital 
records, show the range of red cells and haemoglobin in 109 
cases as counted when the patients first came under obser- 
vation. The highest counts (7,100,000 and 5,884,000) are un- 
doubtedly due to some temi)orary stasis or concentration of the 
blood. 

The average of the 109 cases, 4,112,000 red cells i)er cubic 
millimetre, is remarkable in so nearly coinciding with Thayer's * 
series above referred to, the average of which is 4,096,544. 

The average hfemoglobin percentage of this series, 41.2 i)er 
cent, is also very close to Thayer's (42.3 i)er cent). This gives 
us on the average a reduction of the corpuscle substance to one- 
half the normal, or to the equivalent of 2,250,(XX) healthy red 
ceUs; 61 of the 109 cases have 4, (XX), (XX) or more red cells. 
These figures do not agree with those collected by v. Limbeck, 
in which only 99 out of 247 are over 4,000,000. But this prob- 
ably means simply that in this country the patients j^eek medical 
advice before their disease has advanced very far, while in Ger- 
many they wait longer before resorting to a hospital. For, as 
above explained, in all ansemias the individual corpuscles suffer 
in quality first and only after some time begin to decline in 
numl^r. This is esjiecially the case in chlorosis, although by 
BO means peculiar to that disease. 

The color index is invariably low, as seen in the table, aU 
though it is rare to see it fall below .30. In only four cases of 
the i)resent series did it go l>elow that figure, the average being 
about .50. 

V. Noorden ' found that the color index was especially ai)t to 
be low in first attacks and less often in the recurrent or habitual 
cases, but Romberg " in a study of one hundred and seventeen 
cases has not found this true, and I agree with Romberg. One 
of the lowest color indexes in my series was in a woman over 
fifty who had a truly habitual chlorosis. 

* See Odler'd article on ChlorosiH in the ** Anoferican Text-Book of Medi- 
cine, " vol. ii. , 1894. 

'ChloroBis: Wien, 1897 (Hdlder). 
»Berl. klin. Woch.. June 28th. 18OT. . 
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Table VL— Chlorosis. 

Red Cells. Cases. 

Between 7. 000. 000 and 8,000,000 1 

6,000,000 " 7,000,000 1 

5,000,000 " 6,000.000 17 

4.000,000 " 5.000,0(KI 42 

3,000,000 " 4,000,000 33 

2,000,000 " 3.000.000 14 

1,000,000 " 2,000.000 1 

Average of these 109 cases = 4,112,000 



White Cells. 



Cases. 



Between 15, 000 and 14, 000 2 



M 



U 



M 



tt 



14, (MK) 
13,000 
12,000 
11.000 
10, 000 
9,000 
8,000 



u 



13,000 1 

12,000 3 

11,000 5 

10,000 9 

9.000 6 

8,0(K) 7 

7,000 23 



White Cells. 

Between 7, 000 and 6, 000 19 

6,000 " 5,000 11 

5,000 " 4,000 9 

3,000 7 

2.000 1 

1.000 1 



6,000 
5,000 
4,000 
3,000 
2,000 



Average, 7,400. 



104 



Per cent of Hemoglobin in Chlorosis 



Between 10 and 19 = 7 



20 '* 

30 " 

40 " 

50 '• 

<>0 •' 
70 



u 



29 
39 
49 
59 
69 
79 



i (rases. 
13 " 



= 28 



or: 



= 24 



= 1 



u 
u 
u 

u 



105 
Average, 41 per cent. 

The strikiiijij contrast is with pernicious anaemia, rather than 
with secondary anaemia. In the former the color index, as 
above mentioned, averaged 1.04 in 68 cases. In secondary 
anaemia it is almost always below 1, but does not average so low 
as in chlorosis, although in individual cases it may be very low. 
For example, Osterspey (luotes a case of gastric cancer with 
a blood count of 4,230,000 red cells, and only 22 per cent ol 
haemoglobin, a color index of .26. 
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Red Cellh (Continued). 
Qualitative Changes, 
(a) The stained Bpecimen shows a greater or less degree of 
pailur (if tfie corpuscle ccnb'es correaponding so accurately to tlie 
dimiimtion ia hiemoglobin that a practised oliserver can tell ap- 
proximately bow low it is simply from tlie stained specimen. 
Tbe piUlor, however, is to be taken in couuection with the size of 
the cells, for the diminution in hiemoglobin is not due simply to 
" bleauUiug oat at the cells, but to their loss o( size. Hence, 

('>lThe Jiminxtion in (he averaije diamtier oi the cells is a 
^^rv important feature. Both in this respect and as regards the 
"leacliiuj, of individual cells, many cases contrast ivitli most 
"^^^ondary aniemias, in that a large proportion of the cells are 
""^eted alike, i.e, are small and palo, while in secondai-y anse- 
■^"^ there are apt to be well-stained anil good-sized or over- 
*'ztyl cells in everj' field. These last occur also in chlorosis, bnt 
'^**s fretiuently as a rale. Hence the usually lower color index 
**' chlorosis. In certain coses this distiuctiou does not hold and 
"le two conditions are identical in so far as the size and color o£ 
■"6 red cells are concerned. It ia to the white cells that we must 
look for ijgjp in differential diagnosis. 

(o| Defo}initics in size and shape are very common in all ad- 
"^ced cases, but often absent in mild or moderate ones. They 
^'^^'ieut no special peculiarities except that macrocytes are rela- 
'^''ely rare and microcytes relatively common. In the severest 
'*8©8, however, the macrocytes begin to get more numerous and 
**" approach the picture of pernicious anremia. 

id) Dtffenrrative I'h'iu'jifn (Maragliiino, see page 88) are not 
^ttunon but are occasionally present in severe cases. 

(e) Xucleatcd red corpmrles are very scanty even in advanired 
**G8. Hayem never saw any, but most obser^-ers find them in 
*Diall numbers after long search. They are almost always of 
">* Dormoblast type, bnt raegalobiasts have also been found. 

The scantiness of nucleated red cells is a point of contrast with 
tbe itQatmia secondarj' to malignant disease, in which even in 
niililly anpemic states we readily find uucleated cf>rpuscles, while 
in chlorosis, even in severe eases, a long search may show very 
fe* or even none at all. 
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Specific Gravity. 

Clilorodis is usually agreed to be one of the diseases in which 
specific gravity and haBmoglobiu run parallel, and as the inac- 
curacies and inconveniences of the v. Fleischl instrument are 
so great, it seems to the writer better to follow the specific 
gravity rather than the hfemoglobin. The tables on page 42 
(Part I.) show how the inference from density to coloring matter 
can be made. A specific gravity of 1030 is not very rare. 

White Cells. 
A. Quantitative Changes. 

Leucocy tosis is absent in uncomplicated cases. In the series 
in Table VI. the occasional leucocytosis may be due to digestive 
or to a variety of other influences (uterine troubles, etc.), which 
could not be excluded. 

The average in Thayer's 63 cases was 8,467; in the present 
series (see Table \T!.) it is 7,485. 

As iu pernicious anjomia, the worst cases are apt to have 
leucoi)euia, and as im])rovenient progresses the white rise even 
faster than the red cor])Useles. 

Thus iu Romberg's careful study of 117 cases, 24 cases 
whose liiemoglobiu was under 40 i)er cent had an average of 
6,350 leucocytes per cubic millimetre, while 52 cases whose 
hiemoglobiu averaged GO per cent had an average of 9,260 
leucocytes. He found the average in healthy girls of the same 
age 9,068 white cells per cubic millimetre. 

The absence of leucocytosis is the most important i)oint in 
distinguishing chlorosis from secondary anaemia due to cancer, 
suppuration, etc. 

B. Quftlifative Chamjes, 

Lymphocytosis is usually present, as in pernicious anaemia, 
wherever the disease is well marked, and sometimes even in mild 
cases. Thus Eieder found in 12 cases an average of 33 per cent 
of lymphocytes, the highest ])ereentages being 53.7, 43.5, and 
41.7. Either the small or the large lymphocytes may pre- 
dominate. In my o^vn experience it has usually been the small 
forms. 
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The neutrophiles suffer proportionally, their low percentage 
contrasting often with that of secondary ansBmia associated with 
lencocytosis. Eosinophiles are occasionally increased. In 
Bieder's 12 cases the average x>^rcentage was 3.5, the highest 
percentages being 9.6 and 7 per cent. 

Myelocytes are rare but have occasionally been observed in 
small numbers. 

Regeneration of the Blood. 

As the patients begin to mend under the influence of treat- 
ment, the blood changes are just the reverse of those seen dur- 
ing the development of the disease. First the corpuscles gain 
in numbers, the haemoglobin still remaining low; later and 
much more slowly the coloring matter, size, and weight of the 
cells are renewed. It seems as if the new-formed cells were of 
light weight and had to be replaced gradually by cells of normal 
stature. The nucleated corpuscles and deformities disappear 
and the leucocytes shoot up often a little above the normal. 

Blood Plates, 
Usually considerably increased. 

Chlorosis tvithoxd Knoion Blood Changes. 

Bomberg quotes the following facts : Three girls, nineteen, 
twenty, and twenty-five years of age, came to him with typical 
symptoms of chlorosis. Their blood counts showed : 

I. Red cells, 5,246,000; Hb., 80 per cent. 

n. " ** 5,376,000; " 83 

m. " " 4,408,000; " 87 
All improved markedly under iron treatment. 

I mention this because I have seen several similar cases and 
have heard of others from colleagues. 

Summary. 

1. Blood as a whole : Very pale in marked cases, very fluid, 
but coagulates rapidly. Fibrin not increased. Specific gravity 
usually low, running parallel with the haBmoglobin. 

2. Bed cells: Average 4,000,000 when patient is first seen. 
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very rarely bo l>elow 1.000,000. The majority of tLem ' 
vmoU-aized, pale, often deformwl. Nucleated corpuscles are rare 
(normoblasts as a rule). 

3. White cells, not increased. 
Lymphocytosis, occasionally eostuophilia. 

4. Blood plates increased. 



Diagnostic y'atne. 



4 

I ansmu mm 



1. The points of difference from pernicious i 
been discussed. 

2. It is important to distinguish it from simple deUility, 
and from cases whose skiu only is aniemic; in both of these 
conditions the blood is normal. 

3. From secondary aneemia it may be indistinguishable in 
case the latter be without leucoc.vtosis. ^^Tiere leucocytosis ia 
constantly present and the percentage of polymorph on uclcar 
leucocytes is increased, chlorosis (uncomplicated) can be ct- 
cludcd. Of course many of the complications which may i^n-ur 
in chlorosis are accompanied by leucocytosis. 

Ofltcr Funns of Anofinlfi. 

1. Case;* of acute fatal auiemia following purt>ura or seren 
hemorrhage of any kind are Hometimes closHed as ]>erni('iiiut( 
auiemia. The blood certaiul.v <iiffer3 iu mauy refli>ects fnim 
that of ordinary pernicioa-i amemia. Elirlich descrilies such a 
case following metrorrhagia in which the red cells were re- 
duced to 213,300 [icr cubic millimetre without much dofnnuity 
of individual cells and with a decided decrease in the avera^te 
diameter. Poly chroma to iibilic forms uumeroiis. No nucleated 
corpuscles whatever could be found even after many houra' 
search. The leucocytes were decreased to about 2O0 ( I) i»t 
cubic millimetre. Eighty i>er cent of tliem were small lympho- 
cytes, six j>er cent lai^e lymphocytes, aud ouh fourtoen per 
cent polymorphonuclear. Eosinophiles and myelocytes ab- 
sent. Autopsy showed no red marrow iu the Iou|{ l)oues except 
at the epiphysis, aud an entire lack of effort on regeneration. 

W. S. Thayer has obseneil two similar cases, and Dignami 
and Dionisi have seen cases of the same kind following 1 
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prolonged deglobuUri/iu^ action nf the malarial organisms, 
have uever seen just tlii» tvfje of aniemia. 

2. Some t-asea o( severe chronic (rhloi-osis aeein to belong iu a 
.separate category. Like the varietv last described the blood is 
here of the microcj/te type, the diameter of the corpuscles being 
greatly reduced. I have observed one case somewhat similar 
in a male of fift.v-two, a carpenter whom I had noticetl for 
several years at his work, the palest man I ever saw out of bed. 
About two years apo I hadau opportunity to examine his bloinl, 
• feeling well, at work, and objectii^ to the bother of the 




Jnfttion. His blood showed: Red cells, 2,530,000; white 
*"^IU, ^.tKHI; htemoglobin, 3'2 per cent. 

The red corpuscles were not at all deformed but were >'enj 
^***itll (see Fig. 34) and very pale in the centre. While counting 
;90o white cells 17 normoblasts were seen; no megaloblasts. 
leacocytes showed: Polymorphonuclear neuti'ophiles, 54.5; 
"lOftXl \y oiphocytes, 3o ; large lymphocytes, 3.4 ; eosinophiles, 1.1. 
The man is still well an«l hearty, complains of nothing, but 
^ rt*! pale as ever. A few days ago he disckispd to me thnt lie 
''*'l had bleeding piles for ten years. He lia<l Ijeen hitherto 
^ucenling this fact. 



CHAPTER n. 

I. LEUKAEMIA. 

The distinction between leoksBmia and leucocy tosis has been 
sufficiently dwelt on above. 

The blood of the vast majority of cases of lenksemia falls 
clearly under one or the other of two distinct tyi^s, rnyeJocytanma 
on the one hand, lymphcemia on the other. Myelocytsemia is 
only found in cases with great hypertrophy of the spleen, marked 
marrow changes, and little or no enlargement of the other lym- 
phatic tissue. Such cases are usually chronic (two to five years). 
Lymphjemia, on the other hand, may be associated either with 
acute or chronic forms of the disease, and while in all cases of 
lymphsDmia we have some set of lymphatic glands enlarged 
there may be no externally visible glands enlarged, and the 
spleen ma}^ be as big as in cases associated with myelocytromia. 
The diagnosis of leukj^raia can easily be made by the blot:)d 
alone, but we cannot say from the blood whether or not the 
spleen or visible lymph glands are the organs chiefly involved. 
In acute cases the lymph glands of the alimentary tract (cer- 
vical, faucial, gastro-enteric, mesenteric) may be the only set 
involved. 

All of the thirty -one cases associated with myelocyteBmia 
which have come under mv observation have nm a chronic 
course, while of the cases showing lymi)hapmia five were 
chronic, three acute, and two subacute. All showing myelo- 
cytasmia had very large spleens without enlargement of visible 
lymph glands, but two of the lymphjemias had spleens almost 
filling the abdomen. 

Tlie disease leukaemia, then, is associated with three types 
of blood. 

1. Chronic mvelocvtaemia. 

2. Chronic lympluemia. 

3. Acute lymphaemia. 
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1. MYELOCYT-^MIA. 
{Splenic-myelogetions leukcemia.) 

The drop as it emerges from the puncture looks somewhat 
opaque in color, but is neither whitish nor chocolate colored. 
It flows very sluggishly, however, and is difficult to spread 
l^etween cover-glasses owing to the masses of white cells con- 
t^ned in it. Coagulation is slow. 

Red Cells. 

In early stages of the disease there is no anaemia. Later the 
diminution in red cells is moderate, averaging about 3,120,000 
in the thirty-nine cases of Table VII., A. The patients are 
often not pale and may feel perfectly well. The haemoglobin 
is usually diminished, the color index being about 0.6 in my 
cases. It is difficult to read the v. Fleischl instrument in leu- 
kasmia, as the presence of so many leucocytes gives a muddy 
tint to the liquid, not easy to compare with the red of the 
glass. 

Table VII.— Leukjemll. 



Ko. 



1.. 
^.. 
3.. 

4.. 

5.. 
«. 

7. 
8. 
9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
10. 



Highest 



11 



RedceUn. 



5.000,000 
4,877,000 
4,800,000 
4, 592, 000 
4,288,000 
4.016.000 
8,760,000 
8,635,570 
8.605,000 
8.400,000 
8.292.000 
8,200,000 
8,080,000 
8,078,000 
8,010,000 
2,996,000 
2,960,000 
2,988.000 
2,921,600 
2,868,000 
2.792,000 



B 



No. 



1. 

2. 

3. 

4 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 



Highest 



White cells. 



1,072,222 
980. 000 
820, 000 
800. 000 
756, 000 
748.000 
716,000 
656, 000 
626, 600 
570, 000 
500. 000 
492,000 
454,000 
448, 000 
430, 000 
428. 000 
405, 000 
400, 000 
394. 000 
386, 000 
340, 000 
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Tablb vn.— Lkvk^bmia (Continvtdi. 
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3.788,000 
8.715,000 
2.576.000 
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Qtiatitative Changes. 

The striking point is the pr(>»euce of tvry iiiimei-oiis Hwfro/rrf 
red cells even in tbe iibsem-e of auy ittgn of ancemia. With i)v«t 
4,1)00,000 well-formed iiiid well-colored red cells, we muy liare 
IiundredH of nucleated oiie-H iu every coTer-glass. They luv an 
numerous in this form of leukiemia tut in tbe worst fornw of 
liemirioiis luiiemis, eveu thoagh the patient maj- be feeling 
uetirly well. 

Both unrmobl&Bts and megaloblasta may be seeo, but ia 
most i^a&f}» the latt«r are in the minority. Many of the iionno- 
blasts hIiow fragmentation iu their nuclei, and occastoually tnu 
karyokiuetic fibres are to lie seen. Iu tlie amirmic cwmi we 
Hud all the other changes in the red cellu cliaracteristle n( 
auiemia, but the nneleated cells are always more pn>mitiPDt 
than in any other form of ausemia of a like sevi^i-ity. This 
shows that nucleated corpuscles are not to l>e tliought of an 
evidence (like deformitiea in shajie) of regenerative or degener- 
ative conditions only, A a|iecial counection tfi the iKtne marrow 
is very clearly indicated, all the more so as iu tlie linipbat 



PLATE II 

Fio. 1.— Both this and Fig. 2 are intended to be fac-si miles of actual 
niicroscropic fields. 

(a) Note the cell between those labelled 8 and 0— apparently a ** mast 
cell.*' Such cells are often seen in this fomi of leukaemia. With Ehrlich's 
stain tht'y present this appt*arance. Basic stains bring out coarse blue 
granules on the periphery' of the protoplanm. 

(b) Note also the cell at the extreme upix?r right-hand comer of Fig. 1, 
which it is almost im|)068ible to classify either as a myelocyte or hs a 
IMlymorphouuck'ar neutrophile, since it appears to be intermediate be- 
tween the two varieties. 

(c) Both the nucleated corpuscles are normoblast : 9 has polychromato- 
philic protoplasm. The red cells show scarcely any deformities and very 
slight deficiency in coloring matter. 

Flu. 2.— ((f) Note the deformities in size and shape of red corpuscles, 
owing to the anaemia present. 

(/») No lymphocytes are figured, as they made up only two per cent of 
the white cells in this case. Elosinophiles were absent. 

(r) Note that the contrast between this figure (leucocytosis) and the one 
a)K)ve it (leukaemia) is not in the abundance of white cells but in the kind 
of white cell predominating among those present 
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form of tlie disease in which the bone marrow is usually much 
less affected, nucleated corpuscles are much less numerous, ap- 
pearing in relatively small numbers in the very acute anaemic 
canes and not at all in those wlio are not anaemic. 

Other qualitative changes are not marked and corresi)ond to 
the degree of anaemia present ; often there are none at all. 

As the count of the white cells rises, that of the red may fall, 
and vice versa ; or the red cells may remain at a comparatively 
high figure despite the progress of the white. 

WnrrE Cells. 
Quantitative C/uinges. 
The average number per cubic millimetre in the thirty-six 

• 

cases of Table VII., B (the lymphatic cases being excluded), 
w as 438,000 at the time when the cases first came under obser- 
vation. Tlie highest count in this series is 1,072,222 and the 
lowest 98,000. 

Cases are on record in which the white cells were actuallv 
more numerous than the red. The average ratio in my series is 
alxiut one white to seven red. The highest ratio is 1 : 2, and 
the lowest 1 : 37. It is l)est to use the " red counter" with a 
dilution of 1 : 200 in counting the white cells, otherwise they 
are often too crowded for convenience. The haematokrit is 
useful in this disease and in any condition where the white cells 
are much increased, not to supersede the Tlioma-Zeiss or to 
l^ve U8 the al)8olute number of cells, but for comparative obser- 
vations as to the length of the colunm of white cells from day to 
day in a given case. Hayek ' has shown that the count of leu- 
cocytes may vary enormously in a very few hours; e.gr., 10 a.m., 
122,500; 4 p.m.,' 235,000; or again, 10 a.m., 730,000; 4 p.m., 
547,500. 

In the fresh specimen we notice that a large proportion of 
the wliite cells are not am(i»lH)id, a point of marked ccmtrast 
with leueocytosis, in which nearly all the leucocytes are amui- 
boid. This is due to tlie fact that the mvelocvtes which form 
so large a i)ortion of the leucocytes in this disease i)08sess little 
if any faculty of amoeboid motion. We should expect there- 
fore to find their nuclei free from the twists and distortions 

'Hayek: Wien. klin. Woch., 1897, No. 20. 
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(ibaracteristic nf the amceboid ( poly morphonuol ear) cells. M^^H 


this is in fact the c^se (see below). ^^^| 


Tabls vm.— Myblocyt^hu (Spi^mc-Mtklooknocs Leciuuua},^^^! 
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^flth or withont the influence of therapeutic o^euciea the 

white cutis may fall gradually to normal and remain there for 

lome time, the [latient feeling greatly improved. Such a cafie 

nirrfttl under my ol)servation, and the patient, a washer- 

Vvoiiiaii, went back to work aud afterward passed through an 

lattack of lolmr pneumonia in safety. 

At such a time, when no iLcrease in the white cells is pres- 
bdnt, we should never (tust)ect leukaomia, seeing the case for the 
Jfint time, unless we chance to make a difiTerential count; then 
I the chara<!teristic qualitative cliauges (see below) would be seen. 



Qdautative Changes. 

7. Mijfloeyli'H. 

The enormous number of m.\ eloc.^tes is the chief point of 
^interest. The average in my 28 cases was 85 [ler cent (seo 
Table Vm.), rimng in one case as high as 00 [jer cent aud only 
irice falling lower than 2() per cent. 

Taking the average total number of leucocytes as 428,WX) [>er 
mbic millimetre, the absolute number of myelocytes would be 
■over li50,lXK) per cubic millimetre. So fur as I am aware the 
■Jlighest couut of myelocytes in any other dlsense Ik that meu- 
f tioned on page 306 in a cose of malignant disease, namely, 4,514 
' per cubic millimetre. The contrast is sufficiently striking. I 
vish to insist upon this point, namely, tbat the blood of splenic- 
niyelc^enous leukfemia is absolutely peculiar and characteristic, 
aud could not be contused with that of any other disease. Cer- 
tain writers of late years have concluded that because myelo- 
fytes do occur in a great variety of diseases as well as in leu- 
luitmia, therefore there is nothing peculiar about the blood of 
tlie latter affection. It would 1)G as logical to say that because 
nlbumin aud cants occur occattionaUy in the urine of persons 
practically well, therefore there is nothing characteristic abmit 
thearine of acute nephritis. 

Between the largest number of myelocytes ever recorded in 
AD.F disease other than leukiemia, and the smallest number ever 
fouud in the latter disease, there is as great a difference as there 
i** between the minute traces of sugar to be found in normal 
*'JUt- and the marked glycosuria of diabetes mellitus. 
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At the first glauce the stained specimen of leukit-uic bt« 
seems to be ooiupoaed mo9tl.v of myelocytea, but this is l>eoaiia« 
tliey are oa tlie average so much larger than the otlier forms of 
white cells, which, beiu^ pocked away in the interstices betwwm 
tlip large myelocytes, do not appear prominentlv at first 

BiKht. 

Although (as juat mentioned) the average size of the mye- 
locytes is greater thau that of any other kind of leucocyte, thoro 
is a great range of variation in tlieir nize, and some are hardly, if 
at all, lai^ev than a red cell, (This is equally true of tlie mj e- 
Ifwytea as seen in the lioue marrow. See al»ove, page 71.) 

The individual characteristics and variations iu the myeU^- 
cytes have been already sufficiently ilescribed on page 6!i. 



2. Pbtymorphottiiclfar CelU. 



Althougli alisolutety the numher of tlieee cells is greiatly 
creased, the number in each 1,(M)() leucocytes is considerably 
diiuiuished. The average jiercentage in the 28 cases nf THbl« 
VIII. is 4t), the figures ranging between 17 and 72 per cent. 

The iudi\4diial cells show a much greater range of variation 
iu size, staiuiug proi>erties, and the size ami sbape of the 
nucleus than in any other I'ouditiou. In most forma of I<*a- 
cocytosis, for example, one a^lult cell looks very much like 
another, but in this form of lenk)emia we are often struck by — 

('() Va-y finiilt cells or verif I'li-gc cells. 

(A) Dark utained or very jHile stmued oells. 

('?) UuusHul shajieH in the nuclei. 

Besides thsse variations we often see cells apparently h^ 
longing to this tyi>e, bat whose jirotoplasm shows no color what- 
ever. 8uch a cell is figured to tlie right of Plate II., Fig. 1. 
Other cells show a few granules scatttTed alKnit agniiixt a per- 
fectly white Inackgroimd. The outer nm of the cell is nsually 
stained faintly, so that we can linnlly make out its outline. Such 
cells usually contain luisophile granules lieside the iieatrophilr. 

(//) Tliere are always some cells on tlie l)onler-liue lietwppn 
the polyraorjilnmuolear and the myelwyte, and in regard to 
which decision must Ije arbitrary. AVe cannot help getting 
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impression that at any rate in this disease the two varieties are 
only different stages in the development of tlie same cell. 

{e) More than one kind of granule is sometimes seen in the 
protoplasm, i.e., eosinophilic or basophilic as well as neutro- 
philic. 

3. Lymphoinjtes, 

It is here that the greater relative diminution occurs, to make 
room for the incursion of the myelocytes. In i)ercentages they 
are reduced from their normal, 20 to 30 per cent, to an average 
of 10.6 per cent, as in leucocytosis. But still their absolute 
numl^er is always increased. Thus the lowest percentage 
prasent in Table VIII. (namely, two percent) would mean 8,760 
out of the average 438,000, the total leucocyte count i>er cubic 
millimetre, and 8,760 is three or four times as many lym- 
phocytes i)er cubic millimetre as are present in normal blood. 

The proportion of large and small forms among the lym- 
phocytes varies a great deal. Sometimes the lymphocytes of 
this form of leukaamia do not differ from those of normal blood, 
but in most cases we find one or more of the following atypical 
varieties : 

(ri) Lymphocytes with a protoplasm so darkly stained that 
it is difficult to distinguish them from myelocytes. Indeed in 
some cases where hints of a granular look appear in the violet- 
staine^l rim we find it impossible to te sure whether we are deal- 
ing with a large lymphocyte or a myelocyte. The personal 
eciuatiou alone decides. 

(/>) Cells like lymphocytes except that they contain from 
three to ten widely separated granules of one or more varieties 
(basophilic, acidophilic, or neutrophilic). 

4, Eoainopliiles. 

Like all the other varieties these are ahmlutehj much in- 
creased. Relatively — by percentages — they may or may not be 
so. In my series they rangeil from 1.5 to 28 per cent, averag- 
ing 5.1 per cent, a slight increase over the normal. 

Many vrriters, wrongly interi)retiug Ehrlich's olwervations 
on this i)oint, have stated that an increased percenfar/e of eosino- 
philic cells was the distinguishing mark of leukaemia, and even 
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e.'j., Gilbert, Strumi^ell) coutinue to rep«it this 



repeat writera (c 
false atatemeot. 

Tlic i-ell chaj-acler^istir of spleh 
the ec»inop/iUe but the yiii/clocyte. 

We diBtingniali several tvpe« of ecisiDO]>liileH in Imika'mic 
blootl. 

(a) Onlinar.v (polymorpliouuclear) eoflinopliilee. ^^^| 

(b) Eosiiiophilic dwarf cells. ^^^| 
((') Eosiiiophilic myelocytes. ^^^| 
(ri) Needs uo comment; (h) is simply A very small cell wifli 

eosinophilic KrHQul^B ; sometimes such cells are not over i3 /> in 
"diameter. They are not uncommon in this form of leukieiau 
and are very rare iu any other disease. Tlie same is true of (r), 
the eosinophilic myelocytes which are very rare in any other 
disease, except jwrnicious anaemia, where they are occasionaUr 
seen. 

These cells are like myeKx^ytes except that their ^''analm 
are eosinophilic instead of neutrophilic (see Plate I. and Plate 
II.). They are found in tlie marrow in considerable numlmre 
and constitute the majority of the eosinophilic cells seen in Uua 
form of leuktemia. Occasionally we see eositiophiles with a faw 
basophilic or neutrophilic granules us well. ^^H 

'5, lUtsophUe*. ^^^1 

(it) Tlie lymphocytes may contain l)asophilie (frauultis ns in 
any ordinary blood. 

(d) Certain of the myelocytes contain fine basophilic i^rHualm 
in addition to their usiuil neutrophilic gnmules. 

(r) " Mnnl^fHtfn" or coarsely t,'r>^nular basophiles, usually 
with a trilobed nucleus, are almost always seen in specimens 
stained with dahlia or methylene blue. With the triple stain 
their pn)toi>IaHm is nearly unstained, but usually a nnmlier ol 
rouutl while spots can lie made out against a faintly staiuMl 
background. Theae are the basophilic granulations. MsmI- 
cells make np from one to t«n jier cent of the leutxicytaa IB 
most cases of myelocytiemia. 
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6. Polymorplioxis Condition, of the Blood. 

Weiss has rightly insisted od the fact that in this type of 
leukaemia the blood i)reparation8 show a very polymorphous 
condition, that is, there are no fixed tyi)es, but every varietj' 
shades through intermediate forms into some other variety. No 
two cells are alike. Precisely the same conditions obtain in 
the normal marrow, and we can scarce^ resist the impression 
that in this form of leukaemia we see in the blood unfinished 
cells of various kinds which usually do not appear in the circu- 
lating blood. 

As Charcot-Leyden crystals have no diagnostic value and 
are not peculiar to any disease, no description of them will be 
given here. They api)ear to be present wherever eosinophiles are 
plentiful, e,g,y in asthma, gonorrhoea, in the bone marrow, etc. 

Kanthack considers that a diminution in eosinophiles (pro- 
gressive) is a bad prognostic sign. During remissions, when 
the leucocyte count may fall to normal, the percentage of 
myelocytes remains large and the diagnosis could usually be 
made even if we saw the case then for the first time. This 
I have observed in two cases, and Thayer has had the same ex- 
perience. 

II. LYMPH^EMIA. 

(Lymphatic Leiikceraia,) 

Although Fraenkel once maintained that all cases of lym- 
phatic leukaemia are acute, and that therefore the difference l)e- 
tweeu the various forms of the disease rests simply on the 
rapidity of the process in the blood and clinically, there is no 
doubt that chronic lymphatic leukaemia exists. 

Fraenkel was enabled to maintain his position only by ex- 
tending the term aade to cover all cases whose 8ymi)toms last 
not more than four months. Six weeks is the limit agreed upon 
by most other observers. 

The writer has watched five cases of tyi)ical lymi)hatic leu- 
kiemia for i)eriods of from seven months to two years. One was 
as little sick as anv case of leukaemia that I have ever seen, and 
came over thirty miles from time to time to report at the Out- 
Patieut department. His blood showed little variation from the 
foUowing figures: Red cells, 2,300,886; white cells, 112,000. 
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The (Uffereutial couut Hlwn^'8 showed the overwlielminK ni^ 
jority (over iiiDety i>er cieiit) n{ small lymphocytfis characteristir 
of the disease. The hiuph Klaudt) were all much «iilaT|!(M], tliv 
H|>leeD just pali>al>le. The imtient ke)it Hl>out his work as a 
t;ardeiier for over two years, Growitz has watched a similar 
case for over four .\ nam. 

The blood of acute lyiuphH^mia differs as a rnl« id many 
respects from tliat of chronic CAses. These differeuces will Im 
referred to later ou. 

Red Ceijj*. 

The cotmt of re«l cells is often somewhat lower than in tlie 
spleuio-niyelo^euous form of the disease, averagiug 2,TM,lMi 
in my cases. lu acute cAses it is usually rer.\' low aud the an- 
f^mia progresses rapitlly. In cliroiiie cases the red cells l>ehave 
alx>ut as in iuyelocythn>DiiH, except as regards Ducleate<l fomM. 

Here the {>oint of interest is the iimijmiiitii'e rnrifi/ itf »m> 
dtaied rtii tvlh, the aliuudauce of which is so markenl a fawturo 
of 8 i>lenic- myelogenous leukiemia. They follow the yrade of 
amemia present. C-a«eB nwurriug iu children show morr'ulnin- 
dant Ducleatfti corpuscles (the same is true of all leukiPiuis iu 
children) than those occurring iu adults, and tho megnloMaatH, 
usually scAuty, may iviual the nnmloT of uomioblastx. In 
very acute cases the numlter of nucleated forms is greater aud 
may l)e as great as in myelocybt'mia. Two cases recenUy 
reporte<l by Herrick ' exemplify this. 

WiirrE Cells. 
(^iimititittine Cfui>nje». 

As a rule the numerical increase is not nearly so marked as 
in the Bplenic-myel(fl?enous form. The average ratio of wliitA 
to red cells is almut 1 : ij() insteatl of 1:7, and we rarely m« 
counts reach the height common iu the other form of the dist'-ase. 
The highest count of my series was 1,480,01X1 at the patient's 
first visit, and the lowest 30,000, the average being HI .000 tat 
compared with 438,000 in the other form. These figurea refer 
to uncomplicated cases. 

' Jouranl of the American Medical Awociatioi), Julj MtJi. I8V7. 



PLATE III. 

(a) Chronic Lymphcemia with Excess of Small Lymphocytes. 

One polymorphoDucl^r cell is present. All the rest are lymphocyteet 
and exemplify the variations in the morphology of the cell occurring in 
this and other diseases as well as in health, e.g., variations in the stain- 
ing of the protoplasm and nucleus, indentation and even division of the 
nucleus. 

Note that the scale of the whole of Plate III. is larger than in the other 
plates (see scale of /i) . 

(b) Aaite Lymphcemia with Excess of Large Lymphocytes. 

Note the lack of chromatin in both nuclei and protoplasm of large 
lymphocytes. The plasma around them or their extreme edge took most 
of the stain. The brown tint of the red cells is due to underheating. 
Compare the colors with those in the figure above (a) in which the prep- 
aration wa8 properly heated. 
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Qualitative Changes. 

1. Lymphocytea (small forms, large forma, era mixture) make 
ap u&aally over ninety -per cent of all the lencocytes present. In 
some cases they are all nearly of one size, while in others we 
find every gradation from the smallest to the largest, so that it 
is absolat«ly futile to attempt to separate them into " large" and 
"small." Four of my cases were made up wholly of the small 
forms all under 10 ;i in diameter, two were composed largely' of 
forms over 15 /« in diameter, while six showed every inter- 
me<liate size. 

Table IX.— Lymphatic LeukjGmia. 



So. 


Re<] «]Ib. 


cclta. 


it 
'i 

so 


_ 


1 


II 
If 


1 
1 


1 

a. 

.6 


— 


n^^ 


,^^'."1 


4.877.000 

l.ltM.009 
LlOfcOOO 

s.nm.Doo 

8.IM8.O0O 

sz 

*,«u,UOO 
4.1».«» 

a.T(i8.tK» 

ll.5SftOOO 

"iiKm 


119.000 

msto 

BS.000 
tl.'lWD 

wiwo 

40,000 

si.sw 

MOOU 
«.I0!> 

t,4aowo 
nlwo 

mjfii 


a.i 


.1 


Jm, Wlh. ISM. 




US-* 

W.'3 




.a 

4J 
4. 


.1 

.9 

.6 


.8 


a 


Jan. «7tii. 

J«i.. Mth, Dernh; 

JSS%.'T,... 

Aprfl Wh. )S8S. 






■Mi 

S7,0 
M.5 
68.7 


S.1 


i7.a 

0.4 
































.3 


.1 




Chronlo. 
Oet. Wth, 1890. 

Chronic. 
Not. Stii, IKGO. 






m* 


1.4 


H. 


;t 







Not, IWh, I)«M. 


^ 


16' 


Is 


7, 


Is 

£8. 

i 








pD«eiiil»r. 18W. 


;■-;::: 


■■.8 


.» 


..... 


i'Aciite. 


















Few 












„^. 








.. 


a 


j«,SOOp;ilBf,>,m(rt, 



* Large and Bmall fnnnB counted together 
Bibility of differentiating them in theee teases. 



1 account of the i 



173 



SPECIAL PATHOLOGY OF THE IILOUD. 



In acute crises, where the large cellH iisuullv ]ire(iotumnte,^E^^ 
stainiug Is often very faint throughout the nucleus auil protiK 
plasm (see Plate 111., b), so that at tirat sight we should tliiak 
something was wrong with our technique. Other forms uf Irq- 
flocytes in the same preparation, however, will stain normally, 
showing that the trouble is in the Ivniphoc-ytes and not in tho 
technique. These large lymphix'.vtes are ideutictt] in their a|>- 
jiearance with those found at the " germ centres" of all atlennid 
tissue, and probably are the mother veils of the small lym- 
phocytes. Benda has termed them "lymphogouieu." They 
have often been niistaknn for iiiyelofyte.s. fnim whirh th«?y are 
to be distinguislied b; the absom-e of any neutrophile granula- 
tion. They often show evidences of di.>generatiou (see above, 
page 63). The proto])laHni may Iw entirely anstoined an iu 
most of the cells iu Plate III., />, or it may stain iudt> Kray 
or pink. In other speeimens, eBpocially those of the stnalt- 
cell tyi>e (Plate IU., «) the lymphocytes stain well. Their 
nuclei are fret|ueutly indented or even divided iu two (this 
occurs also iu normal blood, but less often). 

Praenkel l>elieves still that lymphicmia, though not alwaya 
acute, is usually so, and tliat if a chronic case takes on acut«- 
symptoms the blood Incomes more Ivrnphmmic, while if a i;a»e 
titarts acute and becomes chronic the lymphiKrytes dfH*reaMe. 
Thus in a case reported by v. der Wey ' a chronic myelo- 
cytiemia six weeks Itefore death l>egan to have fever, hemor- 
rhages, great increase in the total leucoi-yte count and in the 
aniemia. No complication. The lymjihoc^tea increasMi 30 iwr 
oent, and the iiolymor])houuclear neutrophiles dropped from 30 
to 3 per cent. 

Gerhardt' watched n case which began acutely with a huitt' 
I>erceutage of laiye Ijmpiiocjites and then liecame chtouie with 
a predominauce nf hihuII lympliocytes*. 

Iu acute cases Litten ' has noticed fatty degeneration iu tbe 
ienciwytes. 

The following figures illustrate the influence of a septicwmia. 
(from HUpjmrating cervical glands) which ended Uie life vt Nuu- | 
3 in the above Table X. 

- 'Dfut. Arch. f. Win, Med., vol. 57, 
■ lUih Cong. r. inntvc M^., 1997. 
•llthC.iiiK. 1 intiMeMed,, 1W8. 
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Data 



AprU 8d.. 
- 4th 



6th 

8th 

10th 

12th 

18th 

20th 

2l8t 

22*1 

24th 

28th 

29th 

Death on the 29th. 



Number 
of leucocytes. 



81.600 

81.000 

28,505 

44,000 

81,500 

40,000 

Sepsis began. 

5.661 

4,000 

8.400 

8.222 

800 

471 



FeroeoUgeof 
lymphocytes. 



96.5 
98.6 
95.5 



92. 
94.7 



Zeissrs case, also of the lymphatic form, showed the follow- 



ing: 



Pate. 


White cells. 


Percentage of 
lymphocytes. 


Feroeotageof 
adult cells. 


SeDtember 9th 


80,000 
113.000 
119,000 
122.000 
140,000 
Pneumonia began. 
119.000 

98.000 

68.500 

43.500 

50.000 

9.850 

133.200 

172.000 


96. 

97.8 
99. 

88.7 
85.4 
75. 


4. 


24th 




« 26th 




•* 29tli 


2. 


October 6th 




•• 9th 


1 


•* 10th 




lUh 

•« 12th 




- 13th 


11.8 


•• 14th 




15th 


14.6 


•* 16th (A.M.) 

16th (P.M.) 


25. 



Polynujrphomiclear neutrophiles are often so scarce that one 
has to look through several thousand leucocytes before finding 
one. There is nothing abnormal about them. Emhmphilts 
and myelocytes are e<iually rare. 

Summary. 

The leading characteristics of lenkaomic blood are as follows : 
(a) Myelocytcpmia. 

1. Red cells about 3,000,000, nucleated forms very numerous. 

2. White cells about 450,000, of which 

3. Myelocytes form about thirty per cent. 
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4. Every possible form of cell intermeiUntr I)etwneD t 
nary varieties is to be seeu. (" Polymorphotia blood.") 
(6) Chrouic Lyiiiph<vmm. 

1. Red cells almut 3,lX)0,000 or lower; uncleated forma r 

2. White cells about 100,000 or lower, of wUicli 

3. Huall lyiuiihoc.vtes usually form over ninety per cent, 

4. Myeloc.vtes and eosiuopliilea very scanty. 
(c) Acule Lymphimiia. 

1. Red cells much dimiuisheii ; uacleatAd forms not i 
quent. 

2. Larije forms of lymphocytes usually predominate; 
of tliem often sliow aigns of degeneration. 

3. Neutropiiiles and eoeiuophiles very HCanty. 

Dioffnostlc Value. 
Leukiemia is distingaisheil by the blood exaiuinMioD t 

1. UcMlKkiu's disease: (nj splenic, (A) glaaduliU'. 

2. Tumors of the spleen and Wcinity {e.g., Iddney or i 
IHjritoueal ulamls). 

.S. EularKcmeuts of the lymphatic jjliiuds from tuberculueis, 
syphilis, mali^unt disease. 

4. Hydronephrosis. 

6. Huge leiicocytosis from aui' cause. 

6. Chntuic malaria. 

7. Amyloid disease. 

1, Ltiikirmin ami //'n/i/Kn'd dinffute (lymphadennma or 
pseudo-leukiemia) . The jiatholoyy of the two diseuaes is idou- 
tical but for the blo'Nl i^nut. lu Hod^kiu's disease the lilot^l 
is normal, or shows only a moderate amemia or lenctx^ytoni^ 
(l>oIymorphouQ clear cells alone increased), and the diaKUosiA is 
easily made. 

2. Tiiuiora of the spleen and epecialty of the kidney are very 
apt to Ixt mistaken for leuka>mia. Within a year I hare boeo 
atikeil to examine the blood in three cases of " leitks-mia," all o4 
which turned out to l>e malignant disease of the kidney. In ■!! 
of these there was a large tumor resembling the spleen ia tb* 
left hy|Kicliondrium and a very large increase of white edk. 
In two of them the blootl was examined fresh and the ^n-at 
imraber of white ceils in the slide taken as evidenofl confirmatory 
of leukiemia. Tlie Htaiued wpecimen, however, showed only 
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Sed leacocj-tosis with uinet\ per cent of adult ceils of the 
unliuurj- t,vpe and no mjelocytes. Other lai^je tumors of this 
t^tjioQ showed similar rasults. Oecasioaallj' cases of leiikiemia 
witb iiumerouB metastases are described as " sarcomatosis, " and 
then it is asserted that the blootl of leukiemia is identical with 
that of sarcoma. The source of (he mistake is obvious. 

3. AiUmlin with hyperplasia due to tuberculosis shows 
uattally normal blood ' and is thus easily distinguished from 
lenkiGmia. Leucoc.vtosis is often present in syphilitic ca»es and 
still more marked iu those due to cancer or sarcoma, but the 
ooniita rarely reach 30,000 and mj'elocytes are absent or very 
scanty. 

4. One case of hydnmfph-mis, in which the distentinii of the 
aac was so great that it jiresented as a hard, solid tumor on the 
ri|{ht byitochondrium, was taken for leukwmla by a com{)eteut 
observer some years ago. The iionnal blood examination re- 
vealetL the mistake, and excludeil also malignant disejise iu all 
probability. The tUagnosia was only reached, however, at the 
autoiwy. 

5. Hut;e leucocytosis in pneumonia or maiigoant dieeaae 
may often cross the old boundary line of 100,000 white cells, 
beyond which none but leukasmic cases were supposed to ven- 
ture. The differential count sets us right instantly, showing 
niuety i>er cent or so of the increase to l»e maile up of ordinary 
poly morr)ho nuclear leucocytes. 

6 and 7. The large spleen and cachectic appearance asso- 
ciated with chronic malaria and l<mg-staudiug suppurations may 
l>e easily distinguished from leukremia by the absence of any- 
thing more than autumia and leucocytosis in the blood. 
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Effect of Intebcubbest Infectioks. 

There are on record about tbii'tv ca8eB id wliioh Ipokmmia 
(acute or chronic) Iiah beeii complicated with aouie inton^urreut 
iufectiou, with mnrked effect upou the hluod in all lint one. 
This siugle case was aii actite rheumatic arthritiH w^jmrtt^l by 
Bichter iu the diacuasion of Fraeukel's article in the Dmt»chr 
taeiiii-inviLhe iVochenackrift for 1H!»5 (Noh. 39, 43, and 45), i>. 
639. Hf^re the blood reiiiaiued imchauKed. 

Miiller'H ' case of Ivmpbiitic lenkii>iuiii was L'om]ili<wtiHl bj a 
BepticiBmia, and the count of white celb nme from ISO, 000 to 
400,000 ]>er cubic millimetrp, witli a mnrkeil increasi^ iu th« i»r- 
oentat^e of polymorphonuclear cells. Here was a genuine li*a- 
cocytosis adde«l t^i a leukn^uiia. 

With the exception of these two cases, all those hitherto 
publiMhed have shown a mitrked progressive ilerremie in the total 
number of leucocytes without au,v change in the i>erc<>Dtagnt nf 
the different varieties iu twelve, while eight showe^lUkoMuUer's 
an increased jiei-ceutage of the jiolyraorphonuclear cells despite 
the decrease iu the totnl leucocyte count. 

Marischler ' iu u case of lymphatic leukiemia with canc er erf 1 
the kidneys found: 

I. At nm. 

H*d cells S.450.D0O 3.400,000 

White cellB l»«,(M»n «4,000 

HGemoglobiii BO pet cent, 30 pn 

PolymorpboQudekr oelU ISO " 9T.S 

Sm»ll lymphocyMB 63.3 - 40 

lATge lynipliooytes l.B " 1.8 

EoBinophilea 18 " .16 " 

Hyeliicylea * .J8 * 

Various iufections — miliary tuberculosis, pneiituonia, i 

erynipelas, abscess of Iddoey, septic lymph glands—alike i 

creased the leucocyte count. In one vnne u rise just i 

death was observed. ] 

Thus in Uenck's case the leucocytes fell from 400.500 4 

89,000, in one of Miiller's from 24ti,'.t00 to 57,:«0, iu Kuvi«=aJ 

fn»m 67,000 to 17,000, in Zeissl's from 140,000 to 9,350. [ 

'UfLller: Deut. Arcbiv fQr htm. Ked.. liMS, vot. M>, p. «7. 

•Wien, klin. Woch,, July 33d, 18»6. 
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ve already meutioueu n easo ul' [\ miihiitic leukiemia (page 173) 
in which tbe leucocvtes fell from 4U,UO0 to under 500, this limt 
l>eiiig on the ila.v i>f death. In this case the iwicentagea of the 
diflVrent varieties of leucocytes remained entirely unchanged. 

Herrick ' reports a case complicated by acute streptoeoc^ua 
inlwtion in which the white cells were 60,000 at the time of 
<^th. How high they may have been earlier is not knowii. 

It apj>ears, therefore, that when an infection complicates 
l«»ilnBmia we may have — 

1, Ko effect (see case of rheumatic fever as a complicAtiou, 
jnat mentioned). 

2, A genuine leHcocytosis on top. so to ajwak, of the len- 
beniia, with an increased percentile of polymorphouuclear cells. 

3, A decrease in tbe leucocyte count with or without an in- 
(JTease of ]>olyniorphonuclear cells. This decrease is by far the 
niost common result and may go far below normal as death ap- 
prcMichea. 

Goldschneider ' found that by the injection of sjilenic extract 
And other Bulistances he could bring about a similar diminution 
*** the numlter of leuctjcytes, but that, as in the case of intercur- 
■^'ut infections, this diminution was not accompanied by any im- 
proifement in the jiatient's condition and death followed as 

Abscesses occurring in leukiemic patients are filled with adult 

r'^'^cucytes as ordinary abscesses are, and do not contain mye- 
Jtes. 
The diagnosis of this diaease is impossible without the blood 
^'^tint. Its pathol<^y is identical with that of leukiemia and 
^^■en post mortem the two diseases are inilistinguishable so far 
?** the lesions outside of the blooil are coueerued. Yet the 
**l<M)d is in no way peculiar, but presents in most cases all ths 
'^uiiract^ristics of the normal tissue. Its value is as negative 
•^viilence, telling us in a given case that leukjemia is absent even 
^*>*>nj5h all the other signs and symptoms may be those of lea- 
^iciuia, 
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(I.) TransitionB from Hodgkin'B disease to leuksBmia are said 
to have taken place under the eyes of competent observers, but 
they are very rare. Only three such cases are on record so far 
as I know, that of Fleischer and Penzoldt,' that of Mosler,* and 
one reported by Senator,* where two sisters came under obser- 
vation, both suffering form Hodgkin's disease. One died of it; 
in the other the blood changed to that of leuksBmia before death.* 

Doubtless many of the other cases supposed to exemplify a 
similar transition were really cases in which a leucocjrtosis arose 
owing to some inflammatory complication, as not uncommonly 
occurs (see below. Table X.). 

From the existence of these very rare cases of a transition to 
leukaemia it has been supposed, especially by French observers, 
that Hodgkin's disease is simply an early stage of true leu- 
kemia and that this would always become apparent were it not 
that the patients die of some intercurrent disease before the 
siguB of leukaemia have time to show themselves in the blood. 
One difficulty with this view is that there occur chronic cases 
which last from eight to ten years without any change in the 
blood. Another difficulty is that the transition is in fact rare 
despite the relative frequency with which the disease is met 
with. 

(n.) Undoubtedly many cases diagnosed as Hodgkin's dis- 
ease are in fact cases of glandular hypertrophy due to syphilis 
or tuberculosis, and this fact has led many to the belief that oB 
cases called Hodgkin's disease are in reality only syphilitic or 
tubercular adenitis. In a considerable number of cases, how- 
ever, tuberculosis has been disproven by careful inoculation ex- 
periments with the glandular tissue, and there is no reasonable 
doubt that some cases at any rate are not due to tuberculosis or 
syphilis. Probably the diagnosis can never be made with ab- 
solute certainty during life. 

(III.) The frequent occurrence of fever and other symptoms 
characteristic of an infectious disease has led some writers to 
class it as such. In a certain percentage of cases the disease 

«Deut. Arch. f. klin. Med., vol. 17. 
'Ziemssen's "Handbuch d. Path, and Therap.," vol. 8. 
»Berl. klin. Woeh., 1882, p. 533. 

* It is noteworthy that all theso cases are of some years' standing — befote 
Ehrlich's methods were much uspd. 
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• (lite lenkieiuiii) lias niu au acute course, lasting not nmre tlmn 
itix weeks from the firat Bymptom to deatli. In some chronio 
cases the same sort of evidence of an infectious nature has been 
brought forward, ncerations occur in the month and intes- 
tine throagh which morbid jnoducts might gain admission. 
Various liacteria (pyogenic and others) have been found in the 

» blood and tissues from time to time, but numerous negatiTe 
examinatioDS for micro-organisms are also on record, and the 
eridenee is insufficient to establish the infectious nature of the 
disease. None the leas, there is a growing tendency among the 
lending writ«rs and oltservers iu Germany and elsewhere, to b&- 
lieve that tlie disease will ultimately be shown to be infectious. 
(IV.) Menutime most surgeons continue to regard it as a 
[ iona of sarcoma'aud to treat it like malignant disease. 

Thf Blond. 

Whatever the nature of the disease, we find in the earlier 
stages of most eases normal blood as will be seen in Table X. 
(cases 7 to 23 inclush-e). 

As the disease progresses the hromoglobiu soon l)egius to 
fall. Liter the red cells, until, as at the end of Case 10 of the pres- 
ent series, tlie blood may reach the severest grade of antemia. 
In acute cases the anremia may develo]i very rapidly. The 
dsuaI qnalitative changes characterizing severe secondary auie- 
Bua may be present. 











Table I.— HodokdCs Dkeabe. 
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'TWe lae no reliable differentia between Barcoma of lymph glauda 
"■"i "benifm" lymphoma histologically. 
* DiB = Uiff^rential count of. 
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Table X.— Hodgkin's Disease {Continued). 
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21 


80 


5,280,000 


6,800 


56 


Diff. Polymorphonuclear cells, 76 per cent. 

Lymphocytes, 22.8 " 

Eosinophiles, 1.4 ** 

MvelocTtes, .8 ** 
No nucleated red cells. 
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2,200 




Diff. Polymorphonuclear cells^ 60 per cent. 
Small lymphocytes, 19 ** 
Large - 18 " 
Eosinophiles, 4 ** 

Few normoblasts. 













JVliite CeUs. 

When inflammation arises in the glandular tumors and some- 
times when none is found, the white cells may be greatly in- 
creased, even up to a ratio of 1 : 80 red cells, as in Case 1 of the 
present series. There is, however, no more resemblance to leu- 
kaemia than in any other form of leucocytosis, the polymor- 
phonuclear cells alone being increased. There is no reason for 
supposing, as Beinert * does, that relative diminution of the 
lymphocytes is owing to the diseased condition of the lymph 
glands, for, unless oome septic process gets a foothold in the 
glands, the lymphocytes present a normal number or even (as 
in Case 16) considerably increased percentages. Pfeiffer ^ has 
recently reported a case of the cutaneous form of the disease 
with sixty i)er cent of lymphocytes out of a total leucocyte count 
of 6,500. 

As in any other cachectic condition, small numbers of mye- 
locytes may be found. They were seen in six of our cases out 
of eighteen in which a color analysis was made, the highest x)er- 
centage being two per cent. Eosinophiles are usually decreased 
when leucocytosis is present. 

Summary. 

Normal blood in early stages. 

Later often marked ansemia. 

Sometimes leucocytosis. 

1 ^'Die Z&hlung der Blutkorperchen," Berlin. 1801. 
*Pfeiffer: Wien. klin. Woch.. 1897. 
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Diagnoatic Value. 

The ooly help given ns by the blood is in excluding leokie- 
mia. Syphilis, tubercoloeis, or malignant disease might cause 
similar blood changes or lack of changes. 

Effects of Splenecttoht on the Blood. 

Twenty-three cases are on record in which the blood has 
been studied after operation, but only some half-dozen of these 
are carefully recorded. They explain themselves : 
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Before operation. 
Thrf>e daje after, 
SiidajB after, 
Forty-eif^ht days after. 
four iiiOQthBBft^r. 
Five years after. 
(ie93,forabsceM-) Three 

Four months after. 

Operated [April 9th. 
1893} for malarial 
hypertrophy witl 
twisted pedicle. Aprii 
23d. 

May 6th. 

May 13th. 1894. 

October ad, ISflS. 

Operation for hypertro- 
phied. wandering 
epleen. Before opera- 
tion. 

Seveu days after. 
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Three years after. 



*Czemy : Cit«d in Laudenbach ; Arch, de Phyeiol., 1696, p. 73(. 
f Hartman and Vaquez : 8oc.de Biol., February 5th, 1895. 



PART II. 

ACUTE INFECTIOUS DISEASES. 



CHAPTEE m. 

INFLUENCE OF FEVER ON THE BLOOD. 

Some of the blood-changes found in acute infections are to 
be regarded as due simply to the fever associated with the dis- 
ease. It is worth while, therefore, to consider what fever ^er se 
can do to the blood. 

Maragliano * and others have shown that during fever from 
any cause a contraction of the peripheral vessels occurs. When 
fever disappears, whether spontaneously or from the action of 
antipyretics (phenacetin, quinine, etc.), a dilatation of the ves- 
sels foUows. 

FoUowing the laws to which we have so often aUuded, the 
contraction of the vessels causes a concentration of the blood 
with rise in specific gravity and in the number of blood cells per 
cubic millimetre. This concentration is stiU further increased 
by the greater loss of water which the organism suffers during 
fever than under normal conditions. 

The effect of these two influences in increasing the number 
of red cells per cubic millimetre is, however, coiuiteracted to a 
considerable extent by the sharing of the blood in the general 
tissue destruction which goes on with increased rapidity during 
fever. Many corpuscles are thus destroyed, but until the tem- 
perature falls the amemia is covered up by the concentration. 
When the fever leaves the patient there is a sharp fall in the 
number of cells per cubic millimetre, due partly to the destruc- 
tion of corpuscles (hitherto masked by concentration) and partly 
to the dilution of the blood which is the result of the post-febrile 
dilatation of the peripheral vessels above mentioned. The sud- 

>Zeit. f. klin. Med., vols. 14 and 17. 
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denness of this fall in the count is proportioual to tlie sadc 
ness of the fall iu teinjierature. 

The aikaliuitv of the blood has been often said to be dimio- 
ished io fever, but recent research tends to show that thf'f**' n*- 
suits were olitaiued by faulty technique, aud it is doubtful 
whether the reaction of the blood shows auj' coustaut chan^^t*) 
in fever. 

Leucocytes and fibrin show no constant chaugea, though in 
the majority of infeotiouB fevers they are increased. 



PNEUMONIA. 



The Blood as a Whole. 



(a) Bacteriology. — The diplococciis lanceolatns luw lieMi 
found iu the blood of pneumonic patients reiieatedly, ee^iecially 
in those in whom thera has been some secondary diplocucciw 
infection {e.g., diplococcus endocarditis); but such findiu^a are 
rare aud have generally been in fatal cases with very severe k^ U' 
eralized infection. 

For example, Sittmann ' out of IC cases fonud dip1<icoc4-i in 
the blood of 6, most of which were coraplicateil with lesionH in 
other organs, aud 4 of which died, while of the 10 whoec blood 
was sterile, 9 recovered. 

Boulay ' found the organism in 2 coses shortly l>efore death. 
Belfanti * fonud it but C> times out of a large numl>er of casM, 
and ef these 6, 6 died. OoldHcliueider ' and Grawitx ' got siuiiUi 
results. Cobn * iu 32 cases found the organism in 9 ; 7 of 
tiiese died. The other 2 hiul empyema and other eviileuem 
of metastatic action of the pneumococci. Fraeukel baa ob- 
tained over 300 cohmies from one jiuncture. Their rimleum 
was less than that of those in the sputa, showing api>areuUy 
the effects of the blood's antitoxic power. Nevertheless, it is 
obvious that the presence of pneumococci in the blood is a i.i«d 
prognostic sign. 

■ Dxut Archiv f. klin. Hed.. ISM. p. 8S3. 
' Paris TheatH. 1891. 

■ Rirnrma Medica. Kaplw. IHVO, No. 87, 
* Deut. meJ. Woch,. ISK, No. H. 
' Orawiti : Charite-AnnalpD. ^nl. 1" 
'Cohn: Deul. lurtl Woch.. 1887. No. Si 
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(6) Coagulation is remarkably rapid and in fresii specimens 
the fibrin network is very thick and appears within a few 
minutes. 

(c) In cases with cyanosis the blood is often concentrated at 
the periphery so that its specific gravity is high and the number 
of corpuscles large. 

(rf) Monti and Berggriin * observed that in children the 
specific gravity was high throughout the course of the disease, 
falling with the temperature. 

Tlie toxicity of the blood is doubled (Albu: Virchow's 
Archil', Vol. 149). 

lied Cells. — During the fever the red cells are approximately 
normal (unless increased by cyanosis) ; but after the crisis there 
Ls often slight anaemia, due partly to the blo(xl destruction evi- 
denced by the frequent presence of hydrobilirubin in the urine. 
Grawitz considers also that a general relaxation of the peripheral 
vessels in the post-critical period causes a dilution of the blood 
with (apparent) lessening of the red cells. 

Maragliano has noticed " degenerative" chauj^es in the red 
cells in severe cases, but as a rule they do not appear much 
affected either in quantity or quality and our attention is chiefly 
directed to the 

White Corpuscles. — 1. Probably as early as the time of the 
chiU, and certainly within a few hours after it, the leucocytes 
are greatly increased, and continue so throughout the febrile 
period. 

2. There is no correspondence between the daily variations 
in temperature and the leucocyte curve. In cases in which a 
I^seudo-crisis occurs (the temperature falling but quickly rising 
again), the leucocyte count remains high, while at the time of 
the true crisis and often a few hours before it the leucocytes be- 
(jtin to fall. This fall, however, is hardly ever by "crisis," but 
though starting perhaps a little before the temperature it is one 
to two days longer in reaching normal. When the temperature 
reaches normal by lysis the leucocytes fall with it but generally 
more slowly, and reach normal later. 

3. When resolution is delayed the leucocytosis continues, 
sometimes for weeks, and very gradually sags dow^ to normal 
in cases in which resolution eventually occurs without comiJioa- 
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tioQ. If abscess, emp.vema, or gaugreue follow, tun leacobyl 
stay up. 

4. The (leyree of leucocjtosis is probably th« reRiiltant n( 
the fiictoru luetitioii^l oii pa^e 106, antl does uot nm parallel ia 
the ilpuree of fever nr the amnuiit of lung involved. Neverthe- 
less cases with extensive sinns in both Inn^s (ire morfl apt to 
have very high counts, proviib'd the " reiu-tiou" of the patient 
against the infection is viKorous. The ciutes apiiear to fall 
into the following groups as regards the degree of leacocytosis 
present. 



. Mild infection, vigorous reaction a gljgbt leuoocjtoeia. 
. Severe or moderate inlection, vigorous tekotiou = oiaiked 

kucocytoeiB. 
. Severe infection, feeble reaction = no leucocytoai 



I Ihs 



{«) The cases in Class 1 all recover, hot they are v 
in number, {b) Those in Class 2, which inclndes over ni&o- 
t«ntlia of all cases, may or may not recover, sccordtng aa the 
fight between patient and disease comes out one way oi I 
other, 

(c) Class 3 almoal invariabl)/ die; there is Dotsofficient^ 
stniggle to raise tlje leucocyte count. 

Where either the patient or his disease etutHi/ giuna ILe 
mastery there is no leucocytosis or a %'ery sUght one ; hut in 
the much larger claas of cases in which the straggle is a fienw 
one, leucocytosis apjiears, u^hultevtr ttvj/ tin: efnujgle raniU*. 

Pick ' noted that pneumouia complicating cases of small-pox 
which were already very sick, caused no leucoc.itosis, and the 
same is often true iu thfwe whose i>ower of resistance is reduced 
by age, alcoholism, typhoid, or by some chronic disease. 

Von Jaksch, noticing tlie fatality of cases without lenoocy- 
tosis, suggested that we should induce lencocvtosis by inject- 
ing turpentine or other irritants so as to cause absceea; bot 
this has uot prove^l of any benefit to the patient, nor has 
the production of leucocytosis without abscess, as can be 
done with pilocarpine or nnclein, been any more sucoesafaL 
There is no difficulty in producing the leucocytoeis by tbeaa 
means, bat all observers are agreed that it does the pfttients 
DO good. 

Leucocytosis ia checked by antipyretica (Hare') bat a 

' Arch. t. Dermat. und Syph., vol. SS, [l fl 
< New York MMiicnl Reonrd. M>r hh. IWl 



hinti, wliich speaks in favor of the latter method of re- 
duoiup temperature. 

The general course of the leucocytfis is seen in the accom- 
pauying charts from Billings, to whose excellent article I am 
greatly indebted. 
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™ii])per chart showa the conr§e of the temperature, the lower that of 
the leucocytes. 

ywi/Aifi(Tf Changes. — As in most forms of leucocytosis the 
pwjoorphoiiuclear leaoocytee are enormously increased, often 
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makiii^ over uiuety per cent of all the vbite cells. Eoainop] 
anil blood plates ilisapjiear aud the IviuphiK'^teu nn luucl 
tluced. After the (rrittiH this in reveraed, the |ii)l,vtuorpliooni 
fiirius falling often below fiO jier cent, while Uie eoaiuop 
iiuj blood plates are above normal. As to the differential <■ 

Chaht II.— Pneumonia ask ttiieiHATiSH, 



-«-,-. 



15 d 



The Dpper chart shows the couise of the temperature, the lower thi 
llie leui'iwyw*. 



% 

■ Tl 

■ in the (fatal) caaes in which leacoc.vtoaia ia alment, dab 
H Hcauty. Bie}{au8ki thou({lit the [M)lj'niorpbonaclear vari 
H decreased, Rieder found them iticrease)!, while BilliugH 
H them normal. No general law can be ntated on this |x>iat a 
H In one remarkable case occurriuK at the MaKsachil 
H General Hospital iu 1H94, the cimditions were entirel.^ 
H from thoae just stated. The imtieut, ii girl of sis, had a 
H trance 72,100 leucocytes |ier cubic millimetre. Two days 
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the count was 94,G00. A differeutial ftjuut maile at the same 
time showed that the small lymphocytes iimile up 66 per cent 
ot all the 94,1)00 leiieocytes per cubic millimetre. The poly- 
raorpLouaclear cells were reiluced to 'SO per cent, L; mj^hatic 
I'^ukwmia was thought of, but the leucocytosis was gone in ten 
Jhvs, and within a fortnight the patieut left the hospital well. 
I iiiive seen one reference to such a condition. "In a certain 
nniuber of cases the leucocytosis is characterized by the great 

nnmber of the youngest forms of leucocytes. This condition 

j>ej«i8tB during convalescence." ' 



P Diiiijiioi'lli: niid Proijnoslic Value. 

3. Id cases of so-called "ceiUnd pneumonia" in which the 
s\'ixiptomH but not the physical signs of the disease are manifest, 
tho presence of a well-marked leucocytosis is often of great diag- 
nostic value. It excludes malaria, typhoid, and uncomplicated 
Kri PI* as causes of fever, aud if scarlet fever and suppuration 
eao be excluded by other e\ndence, it makes pneumonia very 
Proliable. 

I have rei>eate<lly seeu the ilifignosis of pneumonia made in 
tl»« al)sence of physical signs aud largely on the evidence of the 
"lood count, the diagnosis being confirmed several days later by 
***« Ajipeamnce of typical signs of consolidation. In a case of 
■^*", p. C. Shattuck's, sick five days, yet showiug no signs of 
****isoUdatiou of the huig, the presence of a marked leucocytosis 
**cluded typhoid, the only other likely diagnosis, and led Dr. 
^**attuck to treat the case as pneumonia, the wisdom of which 
^^^tirae was later demonstrated by the api>earance of signs of 
^^iisolitlation. 

2. Between pneumonia and capillary bronchitis the condition 
*** the blood is of no help, as the latter also causes leucocytosis, 
^*i^ soma cases affecting the larger tubes do the same. 

3. lu cases of pneumonia occurring in very old or very 
Coring people, in which the fever and symptoms may be very 
^jght, the presence of leucocyfoais may be the first thing to 
'^•itwt our attention to the lungs, dvspnoea and coush being ab- 
sent. 
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In prognosis, the important x)oint is that the absence of leur 
cocytosis is a very bad sign, while its presence is neitlier good 
iwr bad. It must be remembered also that in the very mildest 
cases we may find the same absence of leucocytosis which in 
any other but the mildest would be almost surely fatal. 

This last x)oint, which appears to me of great imx)ortance, is 
illustrated by the following figures : 

Halla reported 14 cases ; 2 had no leucocytosis, and both died. 

Billings reported 22 cases ; 1 had no leucocytosis and died. 

Laehr with 16 cases, and Bieder with 26, got similar results. 

E\^dng in 101 cases found leucocytosis absent in 6; 6 died. 

Yon Jaksch and Kilodse likewise maintain that tho absence 
of leucocytosis is usually fatal. 

In the Massachusetts General Hospital 329 cases have been 
studied. In general they entirely confirm the results obtained 
by Billings and summarized above; 32 of them presented no 
leucocytosis at any time, and of these 32, 30 died, another one 
seemed moribund but finally recovered, while the remaining 
case was a verv mild one. 

The evidence, therefore, is overwhelmingly in favor of the 
view that where leucocytosis is absent in any but the mildest 
cases the prognosis is almost fatal. The presence of leucocyto- 
sis, on the other hand, is no guaranty whatever of a favorable 
issue. 

The series of cases at the Massachusetts Hospital is to» large 
to exhibit in tabular form. Their results may be summarized 
as follows : 

Oases with leucocytes under 10.000 = 32 (80 of these fatal) 

between 10, 000 to 15. 000 = 88 
15,000 " 20,000 = 72 
20. 000 " 25. 000 = 65 
25. 000 " 30, 000 = 37 
30, 000 ^ 35, 000 = 22 
35. 000 " 40, 000 = 4 
40,000 " 45.000= 7 
45,000 " 50.000= 4 
50.000 « 55.000= 5 
but not accurately counted = 43 
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Ave ra ge = 24 . 000 - 329 
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TYPHOID FEVER. 

* 

Bacteriology. 

Although the bacilli of Ebertb are occafiionally to be found 
in the blood by culture, it is only in the marked cases that they 
occur, and then but rarely, so that at present we derive no help 
in doubtful cases by the bacteriological e^camination of the blood. 

Kiihnau, using 5-10 c.c. of blood, found the organism in 10 
out of 41 cases, from 2 to 9 slow-growing colonies in each. 
Other observers have been successful in only 7 out of a 
total of 176 cases examined. Block has recently succeeded in 
isolating the organism twice dunng the Ufe of a patient who sub 
sequently died. In 6 other cases he was unsuccessful. It has 
been asserted that when the bacilli enter the blood the serum 
reaction (vide infra) does not appear. 

Toward the end of thj disease, when the temperature is apt 
to be very irregular (so-called " period of steep cuiTes"), pyogenic 
cocci are occasionally to be found in cultures made from the 
blood, and doubtless account for many of the recrudescences and 
temporary febrile attacks, with or without chills, which are so 
common in early convalescence. 

The Blood as a Whole, — ^1. Coagulation and fibrin are 
normal. 

2. Specific gravity follows the course of the haemoglobin. 

3. The general effects of fever (see above, page 183) are in 
part accountable for the changes next to be described, while 
some of them are more peculiar to typhoid fever. 

Red Cells. — ^During the first two weeks there are no consid- 
erable changes, except in so far as a certain amount of concen- 
tration of the blood with apparent increase of cells may be 
brought about by diarrhoea or sweating. Baths have a like 
effect if the blood is examined just after the immersion.* In 
the third week the red cells usually begin to decrease and in ex- 
treme cases may get as low as 1,300,000 at the beginning of con- 
valescence — I.e., when bodv weight begins to increase. Hayem 
cDnsiders that the diminution begins rather suddenly in the 
middle or end of the third week of severe cases, but according 

* Antipjrrin and acetanilid have no effects on the red cells. 



192 SPECIAL PATHOLOGY OP THE BLOOD. 

to Thayer the diminution is gradual, though at first sight, grow- 
ing more rapid at the time of defervescence, and continuing 
often into convalescence. The lowest point is reached about the 
first week of convalescence. 

The following figures (Thayer) illustrate this. 

First week. Second week, Third week. Fourth week. Fifth week, Sixth week. 
3 counts. 10 counts. 9 counts. 6 counts. 7 counts. 

5. 636, 000 4.960,599 4.951,535 4,038,333 3,856,786 4,364,250 

His later counts show a gradual increase. He finds that the 
amount of ansemia bears, as a ruhy a direct relation to the 
severity of the case, but in one of his cases a grave ansemia 
(1,800,000) followed a mild attack. " The anaemia may be severe 
enough to form of itself a dangerous complication of the proc- 
ess." Henry has likewise recorded counts as low as 1,306,000 
and 804,000 in two convalescent typhoids. 

Hunnoijlohh). — The loss of coloring matter roughly parallels 
that of the red cells, but is always relatively greater and is 
slower in reaching normal. In the case just noted it was 20 per 
cent, color index .7. 

Leuroviftes. — The absence of any increase oi the white cells 
is the most important point. 

Starting with an approximately normal count, the number 
falls during the fever, often below 2,000, according to Hayem, 
and sometimes below 1,000 per cubic millimetre. Khetagurow 
finds the lowest counts (2,500-3,000) about the end of the third 
week. 

Thayer's figures are as follows: 

First week. Second week. Third week. Fourth week. Fifth week, Sixth week, 
21 counta 50 counts. 40 counts. 28 counts. 16 counts. 5 counts. 

6,984 6,4C8 6,260 5.877 6,621 7,000 

In the four hundred and ninety-one cases counted at the 
Massachusetts General Hospital, the course of the leucocytes 
has unfortunately not l)eeu followed by weeks with sufficient 
accuracy to make comparisons of value. In a general way, 
however, they corroborate all of Thayer's positions. At the be- 
ginning of the cases the count was often high (11,000), owing 
probably to concentration of the blood by starvation and diar- 
rhoea. The high count of red cells confirmed this, the ratio of 
red to white remaining: normal. Tlie counts of leucocytes then 
gradually diminished, as in Thayer's cases. 
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The range of the counts was as follows : 

Between 1,000 and 2,000= 7 casea 

2,000 ** 3,000= 33 " 

3.000 " 4,000= 59 ** 

4,000 ** 5,000= 108 ** 

• 5,000 ** 6,000= 82 " 

6.000 " 7,000= 72 ** 

7,000 « 8,000= 47 « 

8,000 ** 9,000= 37 « 

" 9,000 " 10,000= 29 " 

10,000 ** 11,000= 10 " 

Over 11,000 = 7 " 

491 cases. 

From these figures I have excluded all cases counted only 
under circumstances likely to concentrate the blood (cyanosis, 
after liaths, after severe diarrha',a). 

There is no doubt that leucocytosis does occasionally oc»cur 
when no complication exists so far a^ we can ascertain dtiring 
life. Four of the cases over 11,000 (see the above table) were 
counted repeatedly and complications were carefully sought for, 
but none were found. The most striking case showed the fol- 
lowing counts : 

October 8d 13,100 

4th 13,000 

5th 16,500 

« 7th 13,300 

8th 11.200 

•• 10th 10,600 

18th 13.500 

15th 17,700 

17th 15,500, death ; autopsy. 

The autopsy showed typical typhoid lesions and nothing 
else.' Another and much milder case showed 11,000-12,000 
white cells constantly for over two woeks, and no cause could be 
found to account for it. 

The great rarity of such cases and constant association of 
leucocytosis with any of the numerous complications which we 
can recognize, rather inclines me to the belief that in all the 
cases in which leucocytosis exists constantly, some complication 

' Thrombosis of internal veins and osteomyelitis were not carefully 
warchfed for at autopsy and may have existed. 
13 
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really is present tliough unrecognized. The possibility of a 
secondary septic infection, of an osteomyelitis, or phlebitis of 
internal veins cannot be excluded without further evidence. 
Examples of the effect of complications are as foUows : 
Perforaiion, — Case I. (a) Five days befoi*e perforation, 8,300 

(6) At time of the perforation, . 24,000 

Case n. At time of perforation, . . 18,500 

Pldehitis, — Case I. (a) Two days before onset, . . 6,400 

(6) At time of the onset, . . . 12,900 

(c) One week later, .... 10,100 

Case II. (a) One week before onset, . . 4,800 

Q)) At time of onset, .... 16,200 

Otitis Media, — Case I. (a) At entrance, 5,300 

(6) Mastoid abscess, .... 16,400 

Case n. (ii) At entrance, 8,400 

(6) Two weeks later, after open- 
ing drum membrane 
(sero-pu rulent dis- 

charge), 11,200 

Case in. («) At entrance, 7,320 

(?>) Otitis, 14,000 

A freely discharging otitis soon ceases to cause leucocytosis, 
ejj., a case of serous otitis media seven days after puncture, 
but still freely discharged, showed but 5,320 white cells i)er 
cubic millimetre. 

An abscess of the buttock raised the count from 8,000 to 
11,200, and a hemorrhage from 8,000 to 11,300. 

General bronclilfls has usually no effect in augmenting the 
leucocyte count unless the disease invades the smallest tubes 
(capillary broucliitis). Thus two cases of this affection showed 
9,000 and 8,000 leucocytes respectively. 
Cystitis had no effect in two cases. ^ 

In two cases whose symptoms simulated otitis (deafness, 
rise of temj)erature, j)ain in the head, and in one a con^^lsion) 
but whose blood counts were normal, the trouble turned out to 
be functional and nothing came of it, the symptoms disappear- 
ing within twenty-four hours. 

^ I have an impression based on rather fragmentary evidence that com- 
plications directly due to the Eberth bacilli, e.g., Eberth cystitis or Eberth 
pneumonia, do not raise the leucocyte count. 1 hope to investigate this 
point later. 
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Some observers ' have noted a sli^lit leucocy tosis at the bp- 
giiming of convalescence. Thayer did not find this, and I have 
been eciually unsuccessful. 

It occasionally happens in very exhausted patients that com- 
plications fail to produce any leucocytosis, the patient (as in 
some fatal cases of pneumonia or purulent j)eritonitis) being 
anable to react against the infection. For example, I have seen 
a large ischio-rectal abscess develop in a moribund typhoid 
patient without producing any effect on the leucocyte count. 
Von Limbeck has noticed the same lack of reaction in typhoid 
pjirtients after a hemorrhage and bronchopneumonia, and Bieder 
iii croupous pneumonia occurring as a complication. 

These cases, however, are exceptional, and in many of them 
tLi^ percentage of adult leucocytes rises, though no increase in 
*fa.e5 total leucocyte count is present. This increased percentage 
^t polymorphonuclear forms generally betrays the presence of 
tli^:^ complication, since during most of the disease (if uncompli- 
^'i^ticd) the i>olymorphonuclear forms are diminwheci, 

lu normal cases the blood begins to return to normal 21s 
***^c:>u as the fever is gone and reaches the normal in the sixth or 
»€^x-enth week. 

Qualitative Changes. 

Red Cells, — The condition is either normal or shows the 
^t^nnges common to all varieties of secondary anaemia. 

JHiite Cells. — All observer are agreed upon the following 
^*^^nges: 

1. The i)olymorphonuclear cells i^rogressively diminish with 
^ ^Corresponding increase in the lymi)hocytes. This change is 
^^t slight in the first two weeks, but grows marked in the latter 
l^'^rt of the illness, the polymorphonuclear cells falliug below 
^^ I>er cent. Among the lymphocytes, the larger forms pre- 
^*otninate. 

2. It is not until after the disappearance of fever (from three 
^^ ten days after it, according to OiLskow) that the i)olymori)ho- 
^^clear cells begin to increase again and their normal percentage 

^ Eg., Aporti and Radaeli (11th Congreas for Medical Scieuce. Rome, 
^arch2»th, 1894). 
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is not reached uutil the tenth or eleventh week. Thayer's 
differential counts show : 

Second week. Third week. Fourth week. Fifth week. Sixth week, 

ft counts. 1 count 8 counts. 1 count 2 counts. 

71 . 7 per cent. 06. 5 per cent. 65. 8 per cent. 68. 5 per cent. 53. 4 per cent. 

3. Eosinophiles are present in small numbers. 

Summary. 

1. Post-febrile ansemia, sometimes very intense. 

2. No leucocy tosis ; in late weeks leucox)enia. 

3. Increased percentage of lymphocytes at the expense of 
polymorphonuclear forms, especiaUy marked in later weeks. 

4. Most complications cause leucocytosis. 

Diagnostic Value, 

There are few diseases (outside of those known as diseases 
of the blood itself) in which the blood count is so often of value in 
diagnosis. The diagnosis of typhoid fever is to be made by ex- 
clusion — exclusion of other causes of fever and of local inflam- 
matory processes in particular. 

1. Now in this process of exclusion, the blood is a most 
powerful adjuvant, inasmuch as almost all local inflammatoi^ 
processes Jtave leucocytosis, xvliile typhoid (uncomplicated) does not. 
I have seen two cases in which the chart and symptoms pointed 
to typhoid but in which the persistent marked leucocytosis 
directed attention to the search for an inflammatory focus. Both 
were at first unattended with x>ain, tenderness, or other localiz- 
ing symptom, but later signs and symptoms began to point to 
the liver, from which pus was evacuated by pnncture. These 
cases of abscess of the liver are topical of the value of blood ex- 
amination for any deep-seated suppuration. I have seen good 
clinicians puzzled for twenty -four hours over the diagnosis be- 
tween appendicitis and typhoid, but the indication of the blood 
count was always fulfilled. All pyaemic or septicjemic processes 
are distinguishable from typhoid by the same test — the pres- 
ence of leucocv tosis in the former. 

Of the value of the blood in distinguishing certain cases of 
pneumonia from typhoid I have already spoken on page 189. 

2. Aside from local or general pyogenic infections perhaps 
the disease most often confounded with typlioid is malaria. 
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This is especially the case in the southern part of this country, 
where for want of proper blood examination the confusion of the 
two diseases is indicated in such a term as **typho-malarial 
fever." Malaria and typhoid are alike in having no leucocy- 
tosis, but the presence of the malarial parasite is an absolute 
test and in marked cases is always decisive. Very mild cases 
of malaria may show so few organisms in the peripheral circu- 
lation that without prolonged search they cannot be found, and 
in the severest types of all, the organisms are not very abun- 
dant. In the vast majority of cases, however, the organism can 
be readily found and our diagnosis made certain. 

3. Tuberculosis, if uncomplicated by any pyogenic organ- 
isms, cannot be distinguished from typhoid by the examination 
of the blood alone, as neither disease shows leucocytosis. 

A large proportion of lymphocytes is commoner in typhoid 
than in tuberculosis, but it ma}' occur in either disease. In the 
majority of cases, however, tuberculosis is complicated with 
septicaemia from a secondary pyogenic infection, and is then 
easily distinguished by the existence of leucocytosis. 

4. Typhus fever has not been well studied and the reports of 
its blood condition are contradictory. At present we cannot 
say whether or not it can be distinguished from typhoid by the 
blood examination. In most cases the absence of a serum reac- 
tion will exclude typhus. 

5. Two cases of erythema nodosum with fever between 101 ** 
and 103'' gave me trouble in diagnosis lately. In both the blood 
was normal and differed from typhoid only by the absence of a 
serum-reaction. 

The occurrence of complications in typhoid may mask its 
characteristic blood changes so as to make the blood useless in 
diagnosis; but in most early cases, in which the diagnosis is es- 
X>eciaU y imx)ortant and difficult, the blood shows no leucocytosis 
and is therefore of great value in the exclusion of other diseases. 

DIPHTHERIA. 

Bacilli of diphtheria in the circulating blood are practically 
never to be found. 

The specific gravity, according to Grawitz, is above normal at 
the height of the disease. He obtained the same result experi- 
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nentally by iujei-tiuK outtures nf the Klel»-L«lffli 

iiito doys aud rabliits. Ho i-out'hitlea tlitit the iwisoii of th« 

disease is lymphag(^c and so coneeiitrateB the blood. 

Red Corpmtilef. — ^Morse's ' investi^atioDH show an averaRo o( 
5,100,000 in twenty ctwes counted dnriutf Uie first vrt^lc of the 
disease and of S.l-'iO.OOO in 10 ca«ps dimnj; thr second and third 
week of the diseasfi — practicjilly uoriiDil finires. 

These are the first systematic ' investigations of the red cbHh 
in diphtheria and are conlirmed by the reports of Kwiu^. EntftJ. 
and Billings. The latter ot)server in counts made in sown cimm 
duriug the first five days of illness found an svera4{e of S,GOO,- 
000+ red cells per cubic millimetre. During tliu first five to t«a 
days after this, the same cases showed an average Iohs of lilO.OUU 
cells per cubic millimetre ; five out of the seven showing wiUftid- 
erahle Ioshbh, two remaining about thts same. Those were caoeii 
treated without antitoxin. The two cases showing no Io«h of 
red cells were both very mild, one having no roembraue at iu».r 
time. The diminution ranged fnim 470,000 (third day) to 
2,040,000 (sixth day). As a rule no diminution can \m made 
out until after the thii-d or fourth day. 

Out of twenty-three cases treated n'itti autit^'xin tuid each 
counted several times over, only three showed any considoralilo 
diminution in the red cells and these lost le«« tluui 4(Jl>,()0ll 
each, not much beyond tlie limit of error (200,0(N)) allowed for 
by the im-estiyator, and all of them severe cises. Six itatients 
who were nuremic when adinittf>d (average =4,040,000) tihom-d a 
Bteady rlur in the reil cellrt m* the disease (trentrtl with anti- 
toxin) progressed. 

It iu evident from these figures tliat antit^kxin largely pre- 
vents the anit>niia which usually develops iu the first five to t^n 
days. In cases not treated with antitoxin the regenemtiuD 
from the resulting aniemia is slow. Healthy individuals in- 
jected with antitoxin showed a very moderate reduction iu the 
retl cells in about one-half the cases, the greatest loss lx>ing 932.- 
000 i>er cubic millimetre (fifteen cases counted by Uillingsl. 

Qualitative Cliomjts. — Billings' careful study of stniuc^l speci- 

mena showed no deformities in size or shape and no nnrliNit'-il 

Teil cells. Polychromatophilic red corii'iBcles were very few in 

■ Bo«ti>ii M.-ii.-iil anil Surai^Hl J..iiruBl. Marrh 7th, I( 

' Earlier rf jioriH are faulty a« to teclmi(|U«. 
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the eases in which antitoxin was used, but more numerous wliero 
it was not used. 

H(emogl6bin, — Here again the most thorough investigations 
are those of Billings. In cases treated without antitoxin there 
was an average loss of ten per cent, regained in paii; during con- 
valescence, but as usual reaching normal later than the count 
of corpuscles. When antitoxin was given, the diminution of 
haemoglobin was less marked, but where the decrease did occur 
the return to normal was slow compared to that of the red cells, 
even when the patients were up and about and apparently well. 

White Corpuscles, — Leaving out the older observations in 
which the technique was probably faulty, the principal investi- 
gators are Morse, Ewing, Gabritschewsky, and Billings. 

All agree that a considerable leucocytosis is present in most 
cases — 34 out of 36 of Billings' cases, 26 out of 30 of Morse's (the 
latter made but one count in each case), 49 out of 53 of Ewing's. 
In a general way, the severest cases show the greatest leucocy- 
tosis, but it does not follow the pulse, temperature, nor the ex- 
tent of the membrane, and ^ the ordinary clinical examination 
of the patient is of much greater value in . . . prognosis . . . 
than any information to be gained from the examination of the 
blood. The latter is simjJy confirmatory, never indispensable" 
(Billings). Morse's conclusions are the same, although he con- 
siders that with notable exceptions the amount of membrane is 
a rough measure of the degree of leucocytosis. He finds no 
correspondence between the glandular swellings and the degree 
of leucocytosis, though he noted that ^ in the fatal 'septic' cases 
with greatly enlarged glands," very high counts were present. 
Other cases with little or no enlargement of glands showed 
equally high counts, however. 

Ewing's 4 cases without leucocytosis were all mild, but of 
Billings' 2 cases without leucocytosis one was the severest of 
his whole series, while the other was mild. Of Morse's 4 cases 
without leucocytosis 3 were mild and 1 severe. Gabritschew- 
sky 's 14 cases all showed leucocytosis. 

Putting the results of these four observers together we see 
that when leucocytosis is absent the cases are either very mild 
or very severe, conditions analogous to those to be noted in pneu- 
monia and septica)mia. The counts in recent epidemics range 
from normal to 48,000 (Morse) or to 38,6(X) (Billings). Felsen- 



200 



Sl'EClAL PATHOLOGY OF THK BLOOD. 



thai ' fouuil 148,229 [ler i^ubic miUinietre in odp case. ^HH 
Boucliut'B ' counts are often over 75,000. jP] 

In a general way the counts rise while the disoAse pmgreiW [ 
and fall gradnnlly as improvement Roes on, diHap)x>ariiit! aftftr 
the menihraue. " The leuooc.vtosis is well luarlciKl by the third 
day and very likely earlier" (Morse) . Billiuf^s found an in- 
crease aft^r one ilav's illuttsa, Imt usually less titan wait present 
latoriu thedii^ease; one of his cases, however, had a higher count 
on the first day of the disease than on any 8ubB«ju.>ut day, 
though no antit<)Kiu was given. 

The injection of antitoxin has upi^areutly no effect npou 
the leucocyte count (strange to say) excejit in the first twetity- 
four hours after its use. Immediately, t.c., withiu thirty miu- 
utes after au iujei-tiou, the leucocytes are stated by Ewiug 
to be considerably dimiuished, bat the leucocyte cur%'e doen 
not reach normal any sooner than in cases in which do anti- 
toxin is given, although it begins U> fall in the majority of caseH 
after the injection. The same thing (according to BillingH) 
takes lAtuxi without aiititoxiii. 

The leucocytes of healthy persons are likewise uuaffertod 
by antitoxin injections. 

Quallfadve Changes. — All anthors agree that in most amm 
the neutniphiles are increased. Morse fonnd au average of 80 
per cent in 26 of his 30 cases. Of the other 4, 1 was Qorntaf 
and 3 subuonual (58, 59, and 59 x>er cent) ; 2 of these were con- 
valf.scput, the other hud been si<-k n week and lind r2.'K*> whito 
cells per cubic millimetre. A similar lymphocytosis was prefteot 
in 1 of Ewing's 53 cases, itud in 1 of Rietler's during cfinvalnt- 
cence. Billiugs thinks such a lymiihiic,\tt)Bis may bo present 
in i>erfect health, mentioning cases with -12, H'^, and %'> iier ami 
of small lymphocytes in sound persons. Such a comlitinn did 
not occur in any of his diphtheritic cases exc<>pt in the stiogli* 
fatal case without Ipucocytosis. Here the polymorphonnclear 
cells were reduced to 55 i>er cent and the lymphot^ttes (latxe 
and small) made u]i the i-emainiiig 45 iier vtsnt, 28 |)er cent Iteing 
large forms.' In the rest of his cases the iiolyMiorphonncli'ar 

' An-hiv t. Kinderlieilk.. vol. it., p. 78. ISBft, 
•Comptwi R«niu*. 1877, Uxv.. No, 3. 

' In RiediT'H OBM above referred to. acwl tlirpf VMfB, ihp iTinTihtaT-tM 
pmw from IB per omit during th* Tervr to 111 i^r oful in i-onval«wcrDna. 
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varieties averaged 80 i)er cent and the lymphocytes 19 per cent, 
the eosinophiles being reduced to 1 per cent on the average and 
often being entirely absent. With Morse eosinophiles averaged 
2 per cent. 

The proportion of polymorphonuclear cells is usually directly 
I)roportional to the total increase of leucocytes. 

Ewing thinks that " the staining reaction of the leucocytes is 
an accurate measure of the severity of the diphtheritic infection," 
and this staining reaction he finds increased in favorable cases 
by the injection of antitoxin. 

Billings did not find any such changes in " staining reaction," 
though he claims to have carefully followed out Ewing's pro- 
cedures. 

Engel ' found that antitoxin at first slightly increased the 
percentage of lymphocytes, and sometimes this increase was very 
marked. In one case the lymphocytes increased from 24 to 65 
sixty-five per cent after antitoxin. 

The point on which he specially insists is the presence of 
considerable numbers of myelocytes in fatal cases. 

Of the cases examined by him 17 died, and 9 of these had 
from 3.6 to 16.8 per cent of myelocytes in every one hundred 
leucocytes. Myelocytes were also present in some of the cases 
which recovered, but in smaller numbers (1.3 to 1.5 per cent.) 

In one case he found on the third day of the disease 4.3 per 
cent of myelocytes, and from this point the percentage gradually 
rose to 13.8 per cent, and then fell, there being 1.7 per cent 
present at the time of death. An abscess occurring in the case 
showed only the usual polymorphonuclear leucocytes in its con- 
tents. He concluded that a large percentage of myelocytes is a 
bad prognostic sign in any case. 

Myelocytes are not mentioned in any of the numerous differ- 
ential counts made by Oabritschewsky, Ewing, Morse, and Bill- 
ings, so that Engel's observation is so far unique. 

Summary. 

1. Moderate anaemia, especially in cases treated without an- 
titoxin. Regeneration is slow. 

2. Leucocytosis, very roughly parallel to the severity of the 
disease, unaffected by antitoxin treatment, gradually deereas- 

■Oeaelkch. f. innereMed., Berlin, Julv 6th, 1896. 
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ing the disease i)as8e8 off, sometimes absent in very mild or 
very severe cases. 

3. Polymorphonuclear leucocytes much increasetl during fe- 
brile stages, often diminished in convalescence. 

4. Myelocytes numerous in some severe cases. 

Tlie blood examination has no diagnostic value so far as I 
can see; in prognosis the absence of lencocytosis (except in ol>- 
viouHly mild cases) and the presence of many myelocytes are ai>- 
parently bad signs. 



CHAPTEE IV. 

ACUTE INFECTIOUS DISEASES (CONTINUED). 

SCARLET FEVER. 

Heubneb' noted hsemoglobinsemia in one case. Fibrin is 
not increased even at the height of the fever, provided inflam- 
matory complications are absent. 

Bed Cells. — Very little is to be found in literature upon the 
subject. Kotschetkoff * noted a gradual diminution of the red 
cells to about 3,000,000, regeneration taking place in the course 
of not less than six weeks. Other observers have found little 
or no anemia. 

Hayem ' estimates the average loss of red cells at 1,000,000. 
In mild cases he finds the lowest figures on the first day of 
normal temperature. In severer cases in which the fever comes 
down slowly, the red cells may not reach their minimum till 
twenty-four hours after reaching the normal temperature. 

Felsenthal* in six cases found the count to be 4,500,000 to 
5,500,000 — ^no considerable variation from normal. 

2iappert ^ in six cases found it to be from 3,920,000 to 4,- 
600,000, an average of 4,150,000. 

WhUe Cells. — Most observers are agreed that Uucocytosis is 
the nihy contrasting in this respect with measles, in which no 
leucocytosis occurs. The increase may be present even six days 
before the rash appears and attains its maximum two or three 
days after the eruption. In light cases it may sink to normal 
even before the fever is gone, while in severer cases it may i)er- 
sist several days after a iw^ifnnl temperature is reached. Von 
Limbeck had a case in which the leucocytosis persisted for 

' Deut. Arch. f. klin. Med., vol. 23. 
•Ref. in Petersburg, nied. Wocli., 1892, 1. 
* Loe. cit, p. 914. 

« Arch. f. Kinderheilk., 1892, p. 80. 
•Zeit. f. klin. Med., 1898, p. 292. 
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twelve days after the temperature hiul l>ev')iue uonual. Fortv 
UiouBand {ter cubic luillinietre is unt unimual iu w«^]l-mnrk«d 
c-as^. Rieiler'a teu cases averaged I7,fjOO; Felsentbal's nix 
coniits were between 18,000 aud 30,000. Mv own are simi- 
lar. 

In a geueral way the severest oaaea are apt to have tlm kiifli- 
eet leucocyte counts; the figures li&ve uo direct tvlition to the 
amouut of fever, ^laudular swelling, or to conijilicatioufi in tlM* 
ear or kidney. 

Qtinliliitive C/iam/eti. — The iKiIyiuorphonaclear forms an' iu- 
crea-sed, often to SK) jwr ceut, himiu falliug except in the worst 
cases. The iwcnliar charactcriHtie of the diHeas(> is the [«Tsi»- 
t«uce of eosiuopliileH iu all but the severest cases dtispito the 
increase of polymorphonuclear forms. They may run as liigli 
us 5 i>er ceut during the fever, and are still more namernuM in 
couvalosceuce, remaining increafled for sis weeks. Accunliiq( 
to Kotschetkoff, disap|>e.araiii:c of eosiuophiles is a had |iruf{- 
Qostic sign except at the very liegitining of tlje fever, when Ihfy 
may lie temporarily alwent iu favorable cases. Presumsbl.r 
they have some cfiUUection with the esauthem, eosino|thi)ui 
Iteing so cumuiOD in eouuectiou with skin lesions. Tber 
may numlter 15 i>er cent of tlie leucocyt*w in cunvalnK^iKV. 
Felsontlial's nverage is 5 per cent; Zapjiert's. 3 jier ceut, Th» 
lymph<x\vtefi are decreased proportinuately to the sevuril* of 
the case, the worst cases showiug ouly 2 to 4 per ceut. 

An iucn-a.se of eosiuophiles during a sc^rlatintd uepliriti« is 
reganled by NeuHser ami his jmpils as a favorable sign, and 
their absence as ominous. In ordinary cases without nephritic 
they rcAch their maximum iu the second or thinl week and are 
not normal till the Nixth. 



S>i„ 



mt'ry. 



MiKlerat« aniemia. 

Ijeucocytosis begiiniing 1>efo 
into oonvalescence. 

Bosinophiles said to be iucreaaetl iu favorable 
iu bud caries. 



the ernption and often InstJtqr 
1, ahaent 



MEASLES. 
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Diagnostic and Prognostic Value, 

1. The chief imx)ortance of the blood examination is in dis- 
tinguishing the disease from measles and the eruptions of other 
diseases. Measles has no leucocytosis. 

2. Whether the prognostic significance attached by Neusser 
and others to the percentage of eosinophiles is genuine or not 
cannot as yet be positively stated. 



MEASLES. 

In mild cases the blood shows no changes at all. Where 
bronchitis, coryza, and conjunctivitis are very marked, fibrin 
may be increased. 

Bed Cells. — ^In mild cases no change — never over 400,000 or 
500,000 red cells are lost (Hayem). Felsenthal's eight cases 
showed counts of 5,000,000 to 5,500,000. 

White Cells. — ^In most cases there is no increase. Felsenthal 
in eight cases found the count normal or diminished. Pee 
found but 4,000 in a case with a fever of 102.7°. Bieder's eight 
cases averaged 7,500, being loicest at the height of the disease 
and increasing as fever passed off. Complication with catarrhal 
pneumonia or a very bad bronchitis and coryza may slightly 
raise the count. The eosinophiles, contrary to the example of 
scarlet fever, are often absent during fever. 

The Massachusetts Hospital records furnish the following 
counts: 

Table XII.— Measles. 











Per ct^nt 




Agtr. Sex. 


Red cells. 


White cells. 


bseoio- 


Remarks. 


38 M. 






globin. 




4,700.000 


9.000 


65 


"* Black meaBles'' petechise. 


8 M ! 


9.000 


• • 


Differential count normal. 


23 P. 




8.000 


68 


104" ; eruption out. 


4 M. 


5.000.000 


7,000 


60 


Eruption just out. 


10 M. 




6.000 


• • 


103", three days before the erup- 








tion ; differential count normal. 




1 


6.000 


■ • 


Eruption, out one day. 






6.000 


• • 


Eruption out three days. 


53 


F 


3,500 






33 


F. 




3.500 


67 





Felsenthal found the polymorphonuclear cells much in- 
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creused and eofiiuojiLilett tii>\er over one per cent. Ill i 
uiuma the ditt'ereiituil cuiuitH were UDrtiiiil. The rafiie of Uw 
l»l(iod exuiniuation is considerable iu excluding sctu-I«t fever, 
iliplitheria, and svpbilitio roxeola, all of which nhow ]eaccK\>t- 
oHiB. It cauuot ujiimrentlv l»e diHtinguished liv the lilnod coaut 
from Ui'iHu'hi (German measles), iu twn chhos of which, seen 
at Hie MassaclniBettfi Hosi)ital, the white cells were fi.lMK) atnd 
8,(X)0 respective! V . 



MUMPS. 
Five cases of mimi/is under my rare showeil no leuctx 
WHOOI'ISO-COlGll- 

A u'\r\ <'f Hix recently seen showed at the height of the ili 
esse ]2,(iO() kucoc.vtes with 78 i>er cwnt of h)Piuo(;loliiu. 
SMALL-POX (VARIOLA). 

Bed (kUa. — According to Hayetu no other fever ts so 
fltmctive of red cells. During the fever the coaut is uomuU or 
iiieretmetl, Init when the temi>erature falls jiennaneutly the nani- 
ber of red cells falls suddeuly, whether because the blood i» 
diluted (see above, paye 158) or by a real deatniction. From 
this time on the cells are slowly regenerated; evi'u at tho 
fifteenth diiy Hayem found thoui coiisideriibly below normal. 

Ill hemorrhagic cases the auiemia comes on more quickly, 
its detfree depending on the amount of hemorrhage. In ouo 
cH«e, dviiiH on the seventh day of the eruption, Hayem found 
but 2,(lixi,(XI0 red cells, iu another at the samft stagfi, 4.6(»(>,()0(». 

Fibrin is not increased until the stage of suppuration is 
reached. 

(f/jiVe Ctjr})UscUa.- — Pick, who carefully studied 42 <'Usm, 
found that the very lightest cases, such as (XM:ur in VHccinat^il 
persons, may cause no leucocytoeis. In a woman of twonty- 
twoou the third day of illness witli a temperature of 105°, tiio 
count was only 4,200 and on the fifth day (tempemtoro 99) 
3,lk)0. This patient had Iteen vaccinated. 

Severe cases if witliout complication show no leuoocytoBts 
till the pus appears in the vt^^ides, and after this period the leu- 
cixtytosis slowly sinks again. For exurnple, on tlie fiftJi day uf 
the illness, leucocytes 4.200; at the l>egiuuing of supimration. 



sin. 
Jis. I 

4 

li)r I 
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11,600 (eighth day) ; at the height of suppuration (tenth day), 
17,200; at the thirteenth day, pustules drying up, leucocytes 
7,600. 

In the severest tyj)es, the leucocytes follow about the same 
course, there being no leucocytosis whatever in the initial or 
eruptive stages. Only when the infection with pus organisms 
begins do the leucocytes rise, the poison of variola itself having 
apparently no tendency to increase the count. The amount and 
duration of the increase at the stage of suppuration is in a gen- 
eral way proportional to the severity of the case. Widal * lias 
recently found virulent streptococci in the blood in six cases of 
variola. 

VARICELLA (CHICKEN-POX). 

The only observation of which I am aware is that reported 
by Engel.' In a child of five he found duriug the height of the 
pustular stage a moderate leucocytosis, with (57 per cent of 
neutrophiles (high for a young child), and no eosinojiliiles. 
Three days later as the pustules were healing the neutro])hile8 
hsLil sunk to 47 per cent (normal for that age) and the ecsino- 
I)hiles had risen to 16 per cent. 

The same conditions obtain after vaccination. 

ACUTE ARTICULAR RHEUMATISM. 

According to Hayem and Garrod ' the blood constitutes as in 
syphilis a most valuable measure of the inteusity of the sickness, 
which is parallel to the severity of the blood-chauges rather 
than to the number of joints affected. The fever, the intensity 
of the lesions, and the state of the blood run parallel, in a gen- 
eral way, but the degree of anaemia is a more delicate index of 
the X)atient'8 condition than even the tem])erature chart (Garrod). 

The Blood as a Whole. 

Fibrin is greatly increased. In no other disease except in 
pneumonia is the network thicker or more rapid in formation. 
According to Maclagan, this is to be explaiued by an increase of 

> Widal: Centralb. ftlr. allg. Path., etc., 1896, p. 569. 

«15th Cong, ftlr innere Med., Te97. 

' British Medical Journal, May 28tli, 1892. 
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tissue metaiuorpht^wis. CoaKulntiuu, nu the <itli<>r liond. it^^| 
qaicker but slower than itsual. ^^M 

Lactic acid is present in excess, but cannot be clinicaOd^H 
timatetl, nor is ita excess i>ecnHar to tins diseasft. ^^ 

The alkitlinity of tlie blood liud been rejiorted dimiiiiHlieil, bat 
the teohniqne is not considered reliable bv tlie Iw«t olMervom. 

iiftt CeUg. — Haj em ' and Osier " stat* that the poiiion of acat« 
rheuumtism \s a powerfnl and rapid d(«troyer of red i-ell*. Id 
acute cases, according to Havem, the red cells lose at least 
1,000,000 of their number and in cases which dmtt ahmn and r^ 
lapse the loss is from 1,500,000 to 2,000,000. AVhen au attack 
is cut short by salicylate treatment the drain ou the corpuscle* 
is sh)p]>e<l, 

So far as can Ix- judged from the figures in Table SITl. of 
the MasachusettH Hospital cases this diminution does ant seem 
to occur in all cases. Many of these cases had be^n sick some 
weeks before the time when the count was made, yet the connta 
are not very low. In the eight ca«es which have lieeii sick o^ttr 
twenty days, the average of red celts is 4,462,000; in those sick 
between one and twenty dayfl, 4,540,000; and in the wbol« Krtwf 
of cases, 4,400,1X10. The lowest count was .3,fi08,000. Acconl- 
ing to Hayem 4.000.000 is the usnal count in acut« cases anil 
3,000.000 to S.SOO.OOO in Uiose which drag on ami relai>se. 

QmUitntwe Chn»gf». — Maragliano's 8o-(u>lled degi^nerativo 
changea in the red cells have been observed in this disease, hot 
are not very marked. Deformities and nndeatwl cori>n«clM 
appear only when the an(emia is very marked. 

Hmmyloliiii. — As in all secondary auft'inias the cori>u»clr« 
get thin and pale before they die, and lience the coloring matter 
IS dimininhed more than the count. The average hivmoglnbia 
perceatage in this series is sixty -seven, and the color indeji .76. 
Hayem not€d that, in some caaea during convaleso^nce, m tbe 
TGil corpuscles slowly increa»e the color index remains low or 
even goes lower still. 

Leucm-iitea. —All observers agree that leucocytosia is the rule 
and that its decree is roughly parallel to the acuteuess and 
severity of the attack (the individual's vigor of reaction i» al- 
ways a factor) and the amount of fever. Tlie follon-ing tahlM 
illustrate the Tariation.s of the leucocytes in a fairly typical w»g : 
' ioc, Ht.. p. aiT * " Practice ofMedibine," 1«8.5 
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Tabia Xm., A.— Actne Akticvlar Rhechatibh. 
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TABLX Zm., B.— SUBACDTB Articdlak Rhbumatibh. 
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^^M Table XIII.. C— Chbomic Rheumatibh. Chikflt AmcTLAB^^^^I 
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The average leucocytosisintheacutecase* is 16,800; in Ukmw '. 
mild and more cLrouic, stx-alled "eiilmcuk" ca»es tlie leoco- ' 
cytes range lower, iivera^g 9,760; while in chronic rheuma- ] 
tism. whether arH(;ular or muscular (inoluding lombngu), tliere 
is no increase at all (average =7,460). 

In five cases of arthriti« detormiinR treated at the Maww- 
ohusett« Htjspital the bliXKl was ii.)nual excejit for a HH^ht (le> 
ficieucy of hjtnic^lobiu in two casfB. 

Summaty. 
Antemia with leucocytosia, the deKree of which is a measttro 
of the severity of the infection. Fibrin much increaaetL 

Diagnostic Faliif. ^^^M 

The blwHl t«;lls US little if anything that could not he )e«<^H 

in other ways. It does not differ at all from that of a wiS^n 

arthritis, or from that of acute tjononlueal nrthritia. | 

The only cases that I rememlier in which a blood exanuM- ^ 

tion haa been valuable are the following : ^^^m 



A8IAT1C CHOLERA. 



an 



Case I. — The patient had miiacitlav pains, fever, and a hia- 
■ of a malarial attaf k Home moutlia earlier. The questiou 
.1 be decided by the blixid examiuatiou wus between malaria 
md "rheumatism." The leucocytea were 23,(500 per cubic milli- 
[juetre. which made it clear tliat the case waa neilher-ma,la.ria, 
. ■ "rheumatism," since the former never increases the leuco- 
"oytes and the latter could only give so high a count in case 
Keimine arlirnhir inBammatiou were pi-esent. The case turned 
out to l)e croupous pneumonia which the high leucocyte count 
Btruoxljk' suggested. 

Case n. — Patient presented symptoms and signs of acute 
tolvarticolar rlieumatism with fever. The fever carae down 
_jider salicylateij, but soon rose again, and the man tjecame 
rildly delirioua. His delirium i>er8isted after the Balicylate 
xtopped. Several joints continued swollen and tender. Tlie 
'erwas very moderate, ranging between 99° and 101°. Thpre 
I rose spots and no spleen. The question arose as to 
J%rhetlier it was a case of sepsis with locahzation in the joints, or 
whether it was a case of typhoid supervening on an arthritis of 
HoiQA kind. The blood count, wliich was repeated several times, 
always showed a perfectly normal blood except for a slight an- 
nexuia. The suljsequent coui-se of the case, during whicli he re- 
mained for nearly three weeks more or less delirious, made it 
clear to Dr. F. C. Shattuck. under whose care the patient was, 
tlmt the diagnosis was typhoid. 

Chronic rheumatism (muscular or articular) produces no 
itant blond changes appreciable by clinical methods {see 
i)IeXIII.,Oand D). 






ASIATIC CHOLERA. 



In no other disease so far as I am aware has an and 
readiun in the blood been reported. This is at the end of 
life. All observera agree that the alkaUnity is at least greatly 
reduced. 

Our knowledge of the corpuscles is best summed up in 
Biernacki's ' study of thirty-eight cases. 

Red tW&. — In the stndiinn alijidiim, or stage of collapse, moat 
ot the symptoms are due to the great concentration of the blood 
from the loss of serous Huid in the stools. Hayem found tho 
iticreaw of red cells from this concentration to amount t« from 
],(»mt,00O to 1,500,000 per cubic millimetre. 

JJicrnacki ' found 7,062,500 in one case twenty-four houi-8 
>Deu(. med, Wocli.. 1805. No. 4U. 
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after tlie begiiuiitii; (if tlie disetme. Tlie siMMrific grsvitjr may' 
as higli as 1071 or 1072. 

White t'e//s.— Leucocjtosis is present, uot merely ■» the 
result of coDceutratiou, but as a geuiiine increase to at least 
double the normal count. Bieniacki fouiid ttiat cases willi i>«r- 
tifularlv liiyL counts (40.aX) to 60,000) were B.>on futol, so that 
lie considers a markeil leucoc.vtosis in the alKid stage «m ii Ixul 
prognostic siyn, altliongb i>atient8 also die witli low lencncvte 
counts in tliis period. Such a leucocjtosis does not occur in 
ordiuar,v dianba^a or dysenterj. 

Lencocytosis is present as early as twelve hours from tlio 
fii'st syiuptoni and lasts at least as lat« as the siiith day. Iii tbe 
stage of reaction it usually decreases. In one very mild ca«e 
rppoi-ted by BiernacJvi there was not only uo increase, lint leo- 
co|)enia (4,37.'i per cubic millimetre). 

Tlie difTerential count shows from eighty-two to iiiaoty-GTo 
per cent of adult cells and a corresponding diminutioa of tbe 
young forms. 



ERYSIPELAS. 



Hidla, P^e, Reinert, Eieder, and v. Liml>eck agrei' that 
cocytoeis is usually present in well-marked cases. You Lim- 
beck finds the "leucocyte curve" to run roughly [laralhU with 
the temjierature cliart, sometimes beginning t<i fall a little before 
the latter. The counts rarely run very high, yet Boinrrl 
counted 39,627 in one case. P^ noted that tlie leucocyte coiiDt 
increases only while the process is spreading and that the «u» 
of the count was a tolerably accurate measure of the severitf nf 
the case. 

Rieder found in seven cases an average of only 15,000 pu* 
cubic milUmetre despite veri' high temiieratures. In oue caae 
the leucocyte count remained high after the temiierature hitd 
fallen, but in the otbem it anticipated the temperature. In una 
mild case lie found no leucocytosis. Polymorphonuclear celfc 
lire greatly increased as in other forms of leucocytoxis. Haven 
noticed the same de|)eudeuce of the leucocyte count U[win the 
severity of the process, 

Tu six cases at the Massni-hosetts General Hospital I fntuxl 
37,1)00, 14.000, 1^,000. 1'2,700, 7,2.W. and 6.200. the laat 
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very mild cases. The count of leucocytes seemed proportional 
to the severity of the affection. 

When the disease occurred in "scrofulous" cases, Hayem 
found only 7,000-8,000 leucocytes per cubic millimetre, while 
in cases with very extensive process and high fever 12,000-20,000 
were present. He found also a loss of 500,000-1,000,000 in the 
count of the red cells, according to the severity of the case. 
Tliis showed itself particularly just before the fall of the tempera- 
ture. I have seen no reference by other writers to the condition 
of the red cells in this affection. 



TONSILLITIS (FOLLICULAR). 

Halla,* Pick,' and P^e' found leucocytosis as a rule in un- 
complicated follicular tonsillitis; Bieder found it in a case 
complicated with acute nephritis. 

The following table confirms these observations in the main, 
though in mild cases no leucocytosis was present. 

Table XIV.— Tonsillitis. 











Per cent 




Age, 


M 


Red cells. 


White cells. 


heemo- 


Remarks. 


y. 


5 

F. 






globin. 




V 22 


4.368,000 


19.200 


35 




2 21 


F. 




18.000 






3 27 


M. 




18,000 






4 21 


F. 




16.800 






5 25 


F. 




16,200 






6i 30 


F. 


4.750,000 


16,000 


80 


Temperature lOr. 


7 27 


M. 


4,556,000 


15,500 


67 


Six days ; slight. 


8 Adult. 


F. 


4,860.000 


14.000 


• • 


Follicular. 


9 30 


M. 


4.730,000 


13.500 


76 


Convalescent. 


10 24 


F. 


5,000,000 


13,500 


68 


Follicular. 


11 Adult 


M 




13.500 






12 .... 


M. 


4,952.000 


12,250 


94 




13 24 


F. 


5.816.000 


11,900 


65 


Streptococcus; slight ar- 
ticular rheuiiiatism. 


14; .... 


M. 


5,000.000 


11.800 


90 


Follicular. 


15 19 


F. 


4.552,000 


11,600 


52 




16i 18 

i 


M. 


5.150,000 


11.500 


83 


Chronic recurrent: out in 
two days. 


17 22 


F. 


5,016,000 


9.600 






181 Adult. 


F. 


4,200,000 


5,800 


60 


Follicular. 


19 23 

1 


F. 




7,925 


52 


Follicular ; slight ; t e m - 
perature 99"* next day. 


20 45 


F. 




6,800 







> Zeitachrift f . Heilkunde. 1883, p. 198. 
• Prag. med. Woch., 1890, p. 803. 
*Pee: Inaug. Dissert., Berlin, 1890. p. 8. 



2U bPECIAL PATHOLOGY OF THE BLOOD. 

Tlie blood exEminution liaA uo (lie^^uofitic value so far as I 
am iiware. It is worth kuowing that a simple tonsilliiis con 
cmise leucocytosis, to the end that if 8iich is discovered on blood 
examiiiatioii we need not snppose that some other process is 
present to account for the increase. 



I 



The i-eferences iu literature to the blood of Rripjie aro titt 
sciiutj'. Oriou {Aiv/iii: d. Mhl milU., 1800, p. 2H<)) found fibriii 
iuorea-sed during; the e-ikrly days of the disease. Kieder (.VOiH'k. 
m»l. IKocA., 1892, XXXIX.) found uo leuotwytosis in Kiippe 
uud but little iu the " catarrhal pueuiiiouia" foIlowiu|>{ it. 

The following table shows that the leucocytex are nonuAl in 
at least five-sixths of the oases. Only eleven of the sixt}:-»eTpn 
oaaeH showed leucocytosis, aud in one or more of the«w* boom 
fomjiliL-atiuu was very possibly present. This is of iiiijKirtauce 
in exi:)n<Uni< jDiejiinomu and I'lnil iiiflammafonj conditions. Tb« 
leucocyte count does not help us to distinguish the disnasn tnnn 
typhoid. In this decision the serum reaction is our mainfltar 
(see below, jnige 4U0). From malaria it ma^' Iw ilintinKniAhed 
by the absence of malarial or^^aniKms. In one case aftfr aD 
ojwration for traumatic epilepsy, the temperature rose to 104", 
with a chill, aud the question of meuin>;itiH was coasiildred. 
The altsence of leucocytosis excluded the meningitis, and the at- 
tack turned out to be grippe, which was jast then very preTale&L 

Tabu: XV.— Gbippe. 



While MllD. 




2.000 a 


id 8,000 = 




8, 000 


■■ 4.01)0 = 




4.000 


" .1.000 = 




5.000 


- 6,IKJ0 = 




8.000 


" 7.000 = 


14 


7,000 


■ 8.(K» = 




8,000 


- 8.000 = 




9,000 


- 10.000 = 




10,000 


- 11.000 = 




11.000 


- la.ooo = 




IS, 000 


- 14,000 = 


8 
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Table XV.— Grippe. 

Red cells. 

Between 8, 000, 000 and 4. 000, 000 = 2 cases. 
4,000,000 " 5,000,000= 9 ** 
5,000,000 « 6.000,000= 14 - 

25 " 
SEPTICAEMIA. 

Puerx>eral septicsBmia, infected wounds, septic arthritis, 
septic endocarditis, general infections with pj'ogenic bacteria, 
"pyaemia," are aU identical so far as their effects on the blood 
are concerned, and will be considered together under the general 
head of Sex^ticsemia. 

Bacteriology of the Blood, 

Cocci can be demonstrated in cultures from the blood of sep- 
ticaemia more frequently than in any other class of infections. 
Bosenbach * in 1884 found streptococci and staphylococci in 
8e{>sis. Garre ' in 1885 found the last-named coccus in a case of 
osteomyelitis. In 1890 v. Eiselsberg * found staphylococci in 
ten cases of septic wounds and one case of osteomyelitis, and 
streptococci and staphylococci together in five more cases whose 
wounds had become septic. 

Czemiewsky,* Stem and Hirschler * found the same organ- 
isms in paeri)eral fever, the former observer in five cases. 

Brunner,* Hoff,' and Blum' found pyogenic staphylococci 
in pysemia and sex)sis« and Saenger/ Boux and Lannois,*" 
Cantu/' and Bommers '^ had equal success, each in a single case. 

' ''Microorganismen b. d. Wundinfectionskrankheiten," etc.. Wies- 
baden. 1884. 

* Fortsch. d. Med., 1885. No. 6. 

« Wien. klin. Woch., 1890. No. 30. 

* Archiv f. Gyn&kol., 1888, No. 83. 
» Wien. med. Presse. 1888, No. 28. 
« Wien. klin. Woch., 1891, No. 20. 
^ Dissert, Strassburg, 1890. 

* MOnch. med. Woch., 1893, No. 1«. 

* Deut. med. Woch. . 1889, No. 8. 
'^ Revue de Med., 1890, No. 12. 
"RifrMed.. 1892, No. 96. 

" Deut. med. Woch. , 1893, No. 16. 
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OaDOQ ' aod HittniAu' iiiveHtigHted large iiumliera of c 
with inaoy positive r^Riilte. auil Ciruwib: ' and PHruscIik; ' aod 
Cnhu ' were succ^asful iu liudiug jivogduic cotxri iu tlie Klood of 
cuaeM of ulcerative eiidocAnlitiH an well an in otlit>r septic infne- 
tioDs. Herscblaff " fouud Uiem in eryKiT>e]a8, nciit** tubenvuIiMttR, 
iwrfonitetl tjpliuid iiliwr. etc. Kiibrmu," on the other lianil, waa 
uDtilile to find aiiytliing in the bloinl of twent.v-three »o\oi« 
pyiBUiic cases, and was sivxeasful in onl.v one out of twelve eium 
of idoerative endocarditis. 

Takiu^t tlie results uf all these inTestigatoTv toKetlier, it 
seems evident that in many cases nf Be]>ticatniia, blood cat- 
tures, tukeu ai^-ording to the directions on jiage ^, Hhoir Uw 
Iireseuce of pyof^enlc orgHoisms, and that in luauy olnururw Si^pUc 
caflPK the dia^uoHiH may be greatly fiu'ilitated by such aii pxuii- 
illation. Negative results are of coni-se very far from exclodiug 
Hepticieniia, but positive ones are sometimes of great valae if 
proper precautious are taken iu the technique of the examina- 
tion. In the diagnosis of malignant eudocarditis, often u moMt 
difficult one, Grawitz thinks bUxxl cultures are eei>eciall>' im- 
portant and likely Ui prove jxiaitive when the disease is preseut 
(see Diseases of the Heai-t, page 2il3). 

AlmoHt all ciiiservers agree that the fiiidiug of pyr^enic cucei 
(esce)>t the stji))liylococciis albus) in the blood niaken Urn prof;- 
nosis almost surely fatal. The I'lxully of the blood is d€>uble<L 

Ral Cc/fe.— AH observers agree that very marked amftnia ia 
present in severe cases. Boscher's' iuvestigatious tend to shnir 
that the diminution in red cells iu septicaemia is greater than in 
any other infective disease, aud appears iu n shorter time. He 
fouud such a diminution present no louger than a few hours fn >m 
the beginning of the illness. He finds the amount of nni^niia 
prn|)ortioual to the severity of tlie case, and (reckoning by meaiu) 
of the estimated solid residue) concludes that whenever tlio UIocmI 
has lost one-quarter of its snlistAUre or more, death fnllnwH. 

iQeut. Zeil. f, Chirurg,, 1898, p. 671. 
'Deut Arch. f. kliii, Med,. 3894. p. 378. 
■OliArit^Annsleo, 1804. vol. 10. 
*Zeit. f. Hygiirn^. IHU. pp. 59ai)dU& 
>Deut. meA Woch., ISBT. No, D. 
'Sem Heil., 1B97. p. lOS. 
'Deul. itifd, Woch,. 1897. No. M. 
■tnaug. Diaaert, , BtrliD, 1804. 
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He considers, therefore, that help as to prognosis is given us by 
the blood examination in septicaemia. 

The serum becomes very watery, partaking of the general 
atrophy of the blood tissue. In a case of intensely acute puer- 
peral sepsis Grawitz found the red cells reduced to 300,000 ( ! ) 
although the patient had been sick less than twenty-four 
hours. The case seems almost incredible, but is reported in 
great detail in the author's recent text-book, to which reference 
has so fre<iuently been made. He accounts for it by the combi- 
nation of blood destruction and dilution. 

In the nine cases of puerperal sepsis seen at the Massa- 
chusetts General' Hospital in recent years the red cells averaged 
3,780,000, which is very low, considering the shortness of the 
illness in most cases. (The influence of hemorrhage during 
parturition must of course be taken into account.) 

In most of the septic wounds which I have seen the counts 
have not been low. But in one case of septicaemia from a sup- 
purating fibroid of the uterus the red cells numbered only 
1,800,000. In a case of pueri)eral sepsis of only a few days' 
duration, in a woman not ])reviously aniemic, Hayem ' recently 
reports the following figures : 

December 8d— lied cells 1, 450, 000 

White cells 7.500 

' HsdmoglobiD 20 per cent. 

December 6th— Red cells 2,578,000 

White cells 8,000 

Haemoglobin 40 per cent. 

December 24th— Red cells 4,231,000 

White cells 7,200 

Ksemoglobiu 65 per cent. 

(Recovery.) 

Such cases are the best examples we have of an arnte nn<vmia 
(hemorrhage excepted). 

The hemoglobin is usually diminished alnrnt jis much as the 
corpuscles. According to Bond it tends to crystallize about the 
eilge of a slide and cover-glass preparation of th(» fresh-blood. 

Defonnifies in the shape and size pi the corj>uscles an* not 
uHually present except in the severest cases. 

iLaM6d. Modeme. January 13th, 1897. 
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Table 


XVI.— PUBRFEKAI. SsmCSliU. " 












IVrewit 


1 




Akc- 


Sex. 


IX) cell*. 








1 










Riobin, 


^^H 


I 


IT 


IT 




77. WO 




Autopay. "^^H 


3 


31 


F. 


a. 'sob. bob 


36.000 




^^m 


8 


S» 


F. 


8. BOO. 000 


38,900 

31,000 


68 


Tivo daya before delivery. 
Day of delivery. 










9,r>ou 


lOtiP iIbv after d«liTprr. 










I5,r,«0 


iFive .lavs after drliTcrv; 
1 brewts oak«d. 










1,^000 


Ten days after delivery. 










Il.SOO 


Twenty-ail days after i]eUTi>r;. 


4 


38 


P, 


8.784.000 


23,000 
18,600 

»,soo 

tS.800 


.U Miscarriage Ave day* before : 
1 normal 










14, 900 












falling. 










10.000 


1 falliiM;. 










9,000 


]Thirty-two days later, tc itiper 














Blur* faiiiUK. 


S 


3S 


F. 




30,800 


50 




« 


U 


F, 




1.V900 
8S,«00 
88,000 


.: 


Hept»niber Sd. 1887. 

Septemher 18th. 










85,600 


!S^ptemt>er 18th. R^TOmwd. 


7 


to 


F. 


2,986,000 


90,000 
31,000 


50 'April Ut. 1894, | 

lAprilKd. 18»4. ^^B 


S 


33 


F. 


4. 004.000 


19,800 


iCiir«tted. ^^H 










H.800 




Une week ULer. well. ^^H 


» 


24 


F. 


8,5M.0O0 


18,400 




^H 


.0 




F. 




Marked 




lytnphocytaa. fl«. 


u 


H 


F. 


5,868.000 


S.SOO 




Died. 


Tablk XVn.. A.^Skptio Wooiidb. 


£ 


Aw. 


1 


Badcelb. 


celU. 


Prr cmt 


RMn*fla 




87 


P 


5.880. 00( 


48 400 




SloiiKhing breast : bodaon. 
Septic wound of foot 
BluugtiiDK lireast afMr cwK«r 


3 


SH 


M 


7!6OO.00( 


SSJOO 




8 


ill 


F 


0,WO.O(K) 


15,800 












8.700 




One month later ; wound claui. 








S.WO.0OO 


38.300 




4 


ST 


H 


4.4.10,000 


lO.SOO 




Septic liand. 







U 


8.600.000 


8,800 




Septic Hnirer. ^^J 
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Tablb XVn., B.^SEPncLSMiA WITH Arthritis. 



^ 


Arc. 


1 
M. 

M. 

M 


Red cells. 


White 
cells. 


Per cent 
hflemo- 
globin. 


Remarks. 


1 


8 

59 
22 
89 




25,000 
48,000 

24,000 
20,700 

6,700 
19,000 
18,500 
18,800 

8,940 


'*65'* 


Pus in elbow joint ; no injury. 
Two days after operation, vent 

not free ; opened further. 
Seven days after operation. 
Bight days after operation. 
Sixteen days after, well. 
GonoiThoBal, pus in knee. 
Pus in shoulder joint, no trauma 
GonorrhoBal ankle. 


2 
8 


4,520,000 


4 


M 




5 


M. 




Oonorrhoeal ankle ; cidtures neg- 
ative. 









Tablb XYII., C— Qenbral Streptococcus SEPnciCMiA 



c 


A|?e. 


^ 

£ 


Red cells. 


White 
cells. 


Percent 
hiBmo- 
globin. 


Remarks. 


1 

2 


Adult 


M. 

F. 


5,248,000 
1,800,000 


41,400 
46,000 




Suppurating fibroid. 


8 


22 


F. 


8,776,000 


25,800 


52 A fatal case, yet no fever! 



Hcemoglobincemia with reddish staining of the serum is often 
noticeable in the dried and stained cover-glass specimen where 
the plasma is deeply stained. 

Leucocytes. — Considerable controversy has taken place as io 
the changes in the white cells eflfected by septicajmia ; some ob- 
servers finding leucocytosis, while others find none. 

The results of experimental infections referred to above (see 
page 110) and the paraUelism of the leucocyte changes in pneu- 
monia, i)eritomtis, and diphtheria fully explain these appar- 
ent divergences, which perfectly exemplify the rules stated on 
page 106. 

Leucocytosis occurs only when the struggle between tlie pa- 
tient and his disease is intense, and whichever is victorious. 
When either side wins without any difficulty, i.e., in the mildest 
and in the severest cases, leucocytosis is nearly or entirely ab- 
sent; indeed, leucopenia may be found (as for instance in a case 
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of septic eDdometritis reimrted by v. Limbet-^k— i>n]y 3.000 1 
coeytes). Vou Limbeck autl Krebs' fouuil no IfUcocvUxiia io 
cases of perpetual septieiemia, but tbese were all fatal caaes or 
very mild ones. Rioder, on tbe otlier hand, and the great major- 
ity of other oliaervers (Sadler,' Roscher,' KantJiak,' Oranitx, 
etc.) find leucocytosis. This menna that in most cases ob- 
served by these writers the iuft>etion was of moderate sovorit.r. 
Only two of the twputy-oae canes iu Tables XXI. and SVIL 
showed no leucocyt^iHia. One was very mild, the other iliod ub 
the day of the count. 

Siniitnurii. 

1. Rapid development of severe aiuemia. 

2. Leucocytosis marked, except in very mild or vi 
«a*ii»s. 

y. Blood cultures often contain pyogenic coiti, 

Dhyiioattc i'aliie. 

The advanttme of a positive bacteriological exaroinaliou it* 
obvious. Of the value of the blood couut in distinguishing »eptic 
from uon-septic wounds and estimating the decree of sepHiA aud 
the imjiortuuce or needleawuess of ojierative interference, out 
much is known. The subject deserves to be carefully work^ 
oat fi'om a surgical point of view. The following cases, bow- 
ever, t^^-nd to show that we might utilize IiIoimI coudUui; far mure 
than we do Ui determine questions of this sort; 

C.WE I.— Frank B— — wasaaispof iip{iei)d iritis oiM-r«t«l on 
by Dr. M, H. Richardson at the end of an attack. A little \ia» 
was found, the aiijiendix was excised, and the wound nearly 
clospii, a small strand of gau;^. howerer, being left in. Serenil 
days after the oiieration. there being at the time no external <lt»- 
charge, the temperature rose. The wound Heeinw) in-rfectlv 
clean. The man was very nervous about himself, and moeli 

' KrelJS; DisBert., Berlin. 1808. 

■ Seller; Lof. fit. 

■ Rnarher: Dissert.. BiTlin. 18H. 
< Kantbak : Brit. Ued. Journal, Jnna. IBOI. 
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np at eai'li dresBing; and us the temijeratnre never went 
hjglipr tHan 101°, there aeeined to he conaideralile tlouht as to 
what the cause of the temperature was. The blond count in 
this ease showed 52.000 leucotntea. On opeuiuH the w<nind a 
lar^e amount of broken-dowu blood clot was evacuated, and the 
temperature cjime down to normal. 

Case n.^Mrs. 8 was a case of pus tube shelled out and 

sewed up tinht. Ten davs after the oi>enition the teraiierature 
be^an to look as if pus were present. Here n^niu the patient 
wa-s exceedingly ner\'ous ; and, as so often hapjiens, the tiuestion 
was HKked and re-asked, whether she was keejiiug up her own 
temperature by the state of her mind. The blooil count, how- 
ever, showed marked leucocytoais, which led to a oareiul ether 
examination, revealing a Huctuating mass beliiud the uteiiis, 
irotn which pus was obtained by puncture. 

C.iSE m. — Mr, R entered the Massachusetts General 

[oHpital in December, under the senice of Dr. C. B. Porter, 
with a compound fracture of the thigh. Some days after it had 
tieen put up, the tetujierature began to suggest the presence of 
]ius, the wound, however, remainiug perfectly clean. I oouuteil 
the )>Io<h1, and found a marked leucocytosis. A more thorough 
exploration of the wound revealed a pcwket of pus, the evacu- ■ 
atiou of wliich brought down the temperature. I was not sui'e 
in this ease whether the absorption of the blood clot, such aa 
tftkefl place, I 8ii])pose, after any compound fracture, would be 
siiflicieut to cause leucocytosis. I therefore countetl several 
casea in which there was fever and presumably blood-clot ab- 
sorption, aaraely, a hiemoUinrax, a jielvic hiematocele, two com- 
iHiund fractures, and a crushed foot; in none of these was any 
leucocytosis pn^sent. 

C.\.sEr\', — Mr. S— — was ojierated on by Dr. J. C. Warren for 
traumatic epilepsy. Nothing sjiecial was found, and the wound 
was closed. * Ten days after the operation the t<?mperaturR rose 
to 104'. and the patient complained of severe heailache and pain 
in Uie bai-k. I countetl the blood, and found no leucocytosis. 
Hext day the temperature was down. The jiatient apparently 
lud the grippe. 

W Several cases in which an old malaria was supposed to be 
"brought out" by a surgioiil operation, the patient having ineg- 
<ilsr fever and chills after the o|)erfttion, have showTi, on exam- 
ination of the blood by the writer, no malarial oi'ganisms but 
marked leucocytosis. In these cases the symptoms of " malaria" 
ed when tlie wound was more thorouglily drained, and I 
tve no doubt that many cases of " malaria" after surgical oper- 
ions are really wound sepsis. 
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It is difficult to make inferences from a leucocytosis in such 
cases, because no one, so far as I know, Las thoroughly investi- 
gated the blood condition during the normal healing process of 
wounds. But there are certainly many cases in which we need 
the kind of information about the condition of a wound which 
the blood might give us, if the changes in connection with 
wounds were better known. 

How often the questions are asked: Is this patient septic? 
Does this temperature mean anything of importance? Is this 
wound well drained? Is this complaint of pain hysterical or 
does it mean something operable? 

How often the blood count would help us to answer such 
questions without leaving it for time to settle them after the 
most urgent need of settling them is gone, we do not yet 
know. 

In puerperal cases, the fact tliat leucocytosis is always 
present for several days after delivery makes it harder to judge 
from the blood whether a given case is septic. I doubt if the 
blood count will give any information on this point not to be 
more easily obtained in other ways. Blood cultures, if positive, 
are of far greater importance, but take more time. 

ABSCESS. 

Goldberger and Weiss ' have recently described a reaction to 
iodine in the leucocytes of the blood in cases of local suppura- 
tion. A syrupy mixture of the following elements is made : 

lodi sublim 1 

Pot. iodati 8 

Aq. dest 100 

Giiinini ad syrupam. 

This is i)aiuted on a slide and the unstained cover-glass 
prei)aration is pressed down into it. So treated normal blood 
or that of non-supimrative diseases shows the following: red 
cells dark yellow; white cells light ?/(?Z/o/r with very refractile, 
citron v el low nuclei. 

In x>ui'ulent affections the i)rotoi)lasm of the leucocytes stains 
brown, either diffusely or in a granular or network distribution. 

» Wien. klin. Wwh., IHy?. No. 25. 
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After an abscess is opeped the brown color is at first confined to 
tlie periphery of the cell and soon disappears altogether. 
" Cold" abscesses, no matter how large, do not produce the reac- 
tion, but acute felons with only a thimbleful of pus have shown 
marked iodine reaction. 

The reaction occurs also in x)neumonia and in the moribund 
state. 

The effects of abscess njyon the blood ai'e, I suppose, due to 
septicaemia. Nevertheless septicaemia laith abscess formation 
differs enough from sei)tic8emia ivithout abscess formation, both 
clinically and hsematologically, to make a separate description 
convenient. 

The most easily studied variety of abscess is that connected 
with appendicitis, inasmuch as the frequency of operations in 
such cases gives us opportunity to verify what we suppose to be 
indicated by the blood count and see how far our suppositions 
are true. 

At the Massachusetts General Hospital, most patients with 
other varieties of abscess go straight to the surgeon and their 
blood is not examined, but many cases of appendicitis come 
first to the medical wards, and hence we have records of over 
eighty cases whose blood has been examined. 

I shall therefore begin the description of the blood in abscess 
by an account of appendicitis, which may probably be considered 
a typical case of abscess formation. 

APPENDICITIS. 

After excluding all cases in which the diagnosis was not sure 
we have left seventv-two cases. 
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Tauji XVm.— AppBSDicma (Continued). 



« H F. 4.300000 



4,0»,000 
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Mh; aTier operation, 
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AocklMit ca»>: operation; pint or pus u 



hday; operalkiD; Lajve &b0iN?A CAvltJ- 

__„_ eTMiLug: DO operalloD. 

□cneral perltonitiii. 
November lath. noon. 

:»li. 8:»]>.u. 

isih.SA.K.; notoperatcd. 
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n«tarrhsl. 
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Table XVIII.— Appendicitis (Continued). 



• 

o 

55 


< 


• 

M. 


Red 

cells. 


cells. 


Per cent 
globin. 


Remarks. 


B? 




12,000 




Appendicitis cake. August 8d, operatton; gangrenous 
appendix with adhesions. 






















16,900 




August 6th, fsBcal fistula. 


M 




M. 




11,900 




No symptoms except pain for twenty-four hours; not 
operated. 












64 .'il 


M. 




11,800 




Very slight tenderness; no resistance or dulneas. 
July 6th. 
















19,900 




Temperature up: tenderness and resistance. July 7th, 
operation; pus found. 










11,700 


58 


December 28th, 4 p.m. 


65 


• • 


H. 


4,860,000 


17,600 
16,670 




80th, 10 A.M. 
8l8t, 11 - 










11,950 


January 1st, 9 p.m. 










10,800 




6th. 










10,875 




July 27th; nine days pain and vomiting. 


56 


22 


F. 


4,664,000 


81,000 
10.700 




July 88th : more pain, tenderness and vomiting; opera- 
tion showed pus. 

November 7th, appendicitis six days. 

Operation; abscess with considerable pus: gangrenous 
perforated appendix with concretion in it 

Not operated tm later. 


67 


• • 


M. 




9,000 
























10.500 




5H12 


F. 


3,690,000 


10,400 




Februaiy 6th. 12 m. ; slight pain and tendemesa. 


59 46 


M. 




9,800 




** 7th, S P.M. ; temperature dropping. 










10,400 


• • • • • • • 


Catarrhal. 


60 




5,600,000 


10,500 




u 










10,140 




One week, fourth attack; no cake, no acute symptoms; 


61 


• • 


M. 








operation; no pus. 










10,040 


Sixth day, of^eration: abscess, Si. pus. 


62 




M 


9.000 


Operated; no pus; catarrhaL 
December Ist. 


0.3'.. 


M 




8,400 




C4 ..M 


F. 




10,000 




6th. 


1 




7,200 


15th. 










7,600 


16th. 










7,700 




No pus. 


65 


• • 


• • • • 


5,106.000 


7,600 






(H) .. 


• • • • 


5,600,000 


7,600 




No operation. 


67 .. 


• ♦ • • 


6.500,tK)0 


7,6(X) 


No pus. 


!^i" 


. 


6,500,000 


7.050 




Catarrhal appendix; five days In hospital 


m 


:« 


M. 


■ •■ ■•■• a 


7,0(K) 


85 


Catarrhal api)eDdix. 

** c ironic; nearly well; operation; no pus. 


70 


47 


M. 


6,000.000 


O.IWH) 




71 


56 


M, 




6,0<X) 




** or veiy slight. 


72 


'i2 


F. 


4,320,000 







From the seveuty-two cases of the adjoiniiig table, together 
with forty-one other counis not here recorded, the following 
conclusions are to be drawn : 

1. Red cells : no changes except in chronic cases with long- 
standing abscess. 

2. Coagulation often slow, but fibrin always increased in 
supimrating cases. 

3. As in moat infections the mildest and the severest cases 
show no leucocytosis. Four cases with general purulent peri- 
ionitis showed }w lenconifosls, its al:>sence being confirmed by 
repeated examinations. The total absence of leucocytosis in a 
case not obviously mild is a very bad prognostic sign as in pneu* 
monia and diphtheria. 
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r4. Catarrhal appendicitis is rarely accompanied by leucofj- 
s (oulj once in this series— 14,000). 

I 5. An incrcaninrf h:u<m-ijUiniii means a spreading proveas aiid 
may he the onJij eciJence o/thtj'act. lu Case 40 of this series, 
the patient entered with vomitijig, localized pain and tender- 
iie«8. Tlie leueocjtosis was 15,600. Three da.'ia later he was 
comfortable, had no vomiting and very little tendemeRs, and in 
all resi)e(;ta seemed to be imiiroviny, yet the ivliite cells had 
risen to 22,900. Operation was postponed owiny to the lack of 
all nufavorable symptoms except the blood count. Next day the 
bowels were raoi-ing well and the patient had no/ever and no bad 
»f/7nfilonis of any kind, but his leucocytes had risen to 35,300. 
On the following morning the surgeon was tinally persuaded to 
operate and found a laiT.;e amount of pus. 

A steadily increasing leucocytosia is always a bad sign and 
should never be diBregarded even when (as in this case) other 
Ipod syni|)toms are absent. It is of far more significance than 
a larger count which does not increase. 

it. The size of the lencocytosis is of comparatively little 
Hignificauce. A low count (8,000-11,000) means one of three 
things; 

► (()) A mild case, 
(ft) A very severe case. 
(c) An abscess thoroughly walled off. 
After the abscess has ceased to spread and has become well 
walled off, the leucocyte count remains stationary or decreases. 
If it burets into the general peritoneal cavity the count may 
rise sharply or it may fall to normal or subnormal, its move- 
ment depending on the degree of resistance which the system 
ufTerx. 

7. In the majority of cases the pus is neither completely 
walled off nor free in the belly, and such cases are accom{mnied 
by a iuo«1erate and fluctuating lencocytosis, which rises and falls 
acc«>rding to a variety of conditions which cannot be aecniately 
interi>ret*'4. 

It usually increases in the first three or four days of the ill- 

ama, and then l>ecomes stationary or declines if the case is tivk- 

ing a favorable coarse {i.e., if the pus is being alwnrljed or 

n'ulIe<loff), while it continueK to increase when the case is going 

ft from batl to worse. 
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Case 20 illustrates the course of the leucocytes in a favorable 
case not operated on; the leucocytes fell gradually but steadily 
from houi* to hour so that in two days the count came down from 
20,100 to 8,750, the tumor and tenderness simultaneously dis- 
appeared, and the patient was well in a few days more. Case 38 
dropped in eight hours from 16,000 to 8,000 and quickly recov- 
ered. In Case 19, the leucocytosis fell in three days from 33,000 
to 9,200, but rose again when the bowels were moved by enema, 
and took some days to reach normal again. Evidently the per- 
istalsis injured the abscess wall so that the process began to 
spread again and had to be walled oflF afresh. 

8. When a leucocytosis of 18,000-25,000 is maintained for a 
number of days it usually means a large abscess pretty well 
walled oflF. 

9. The majority of cases as seen at the Massachusetts Gen- 
eral Hospital on the second, third, and fourth day of the ill- 
ness show leucocytosis of 15,000-24,000, thirty-three of the 
present series falling within these figures. Counts larger than 
this have always been proved to mean a large amount of pus or 
a general peritonitis. Of the cases below 15,000 (fifteen in all) 
twelve did not come to operation, or if ©iterated showed no pus. 
This statement excludes the four cases of general purulent peri- 
tonitis without leucocytosis mentioned above. 

10. Case 18 illustrates several points. After the first ©itera- 
tion the leucocyte couut did not fall so rapidly as usual, and the 
cause of this soon turned out to be a pus pocket, after the evac- 
uation of which the count fell in twentv-four hours from 47,700 
to 16,700, only to rise again for another accumulation of the 
same kind. 

After this last (third) oi)eration the case progressed slowly 
but favorablj^ and jet the leucocyte count remained more or less 
above normal for a month. The wound was healthy, freely dis- 
charging, and had healed satisfactorily at the time of the last 
count recorded. 

Whether all wounds follow this course as regards the leu- 
cocytes I do not know. It is an important point which needs 
working out, namely : "Wliat is the normal behavior of the blood 
count during the healing of granulating wounds? If this were 
known, we might get valuable iu formation as to whether a 
wound is doing well or not, by means of the blood count, which, 
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"if septic, would proiiably behave differently from ife wout in 
wounds which di» well. As it is, all these questioDS are not an- 
Bwerable. It ia to be hoped that suryeous will investigate thein. 



H DiJ'creiilml Dingiwuis. 

1, The presence of n marked leiicocytosis excludes simple 
mlic with or icithonl ctmsiipalion, and excludes certnin forms of 
iubestinul obstruction (if unnomplicated) . Such cases of intes- 
tinal obstruction as are coniplicnted with ulceration or gau^q-eue 
or due to cancer may raise the leucocyte count. 

Between general iieritonitia h-nm an api)6ndiciti3 and iutes- 
tiual oVifltrnetiou, the presence of marked leucocytoais points to 
the former; hut its absence may accompany either affection. I 
reuiemlfer a' case iu which the diagnosis lay Itetween these two 
affections, and o[>eration was delayed because the al>seuce of any 
leuooeytneia was thoui^ht to rule out peritonitis, and it was 
ho[>ed to get the l>owel» started by enemata, etc. When finally 
the abdomen was opened stinking pus gushed out and the 
[latienl died the same day, 

'2. Treves ' has reported several cases in which it was hard 
to decide whether the diagnosis was h/phoid or appendicitis. A 
blood examination would probably have decided the matter as 
it has in three cases in the writer's experience. Most cases of 
Aplieudioitis of any severity show lencocytosis ; typhoid almost 
never does if uncomplicated. Curtis' reports n case of typhoid 
with H tnnior and teuderuesa in the right iliac region which 
\- simulatetl apiiendicitis but turned out to be a floating 
1-. Thi- blooil count would have decided the matter. 
a. Between a/ificii'lirifls and pits tube the blood gives no help, 
^ both affect it alike. 

I 4. Otmrian or pelrU^ neuralgia (liucom plicated) never causes 
cocytoeis and may be excluded bj- ita presence. The same is 
B of floating kidney, which has been sometimes confounded 
li api>eudiciti8. 

Gollstnne colic, and renal cuUc if uncomplicated by in- 
nmAtory disturbance, cause no leucocytosis, and can there- 
< be distinguished from appendicitis in most cases. If 
' U<Klico.Chiriirgict(l TrunBactioDH, 188S, Ixzi., p. 165. 
'"Twentieth Century Practice of Medicine." vol. viii.. p. 461. 



230 SPECIAL fATHOLOGY OF THE BUJoL 

cltolatigitis, olioiei'vatitia, pyelitis, or severe cystitw cumpi 
cnte the colic, the esaminatiou of the blood will be no help 
to tis. 

6. Trnpae/ion of/ffces in the ctecam will not cause any kacooy- 
tosis aiiil may be excluded wlieo such is present. The count 
may be of use, it seema to me, in deciding us whether oil cuoms 
ought to be given. It is sometimes desirable to give an enema 
in case^ simulating appendicitis, to help clear up the diagnoeia, 
but some physicians are afraid to do so for fear of cauning a 
walled-off abscess to break into the general peritoneal cavity. 
In such cases, if no leucocytosis were present, we might go 
ahea«l with a clearer c 



Mr. B entered the Massachusetts General Hospital Se]»- 

temlier "iOth, 1893, with a diagnosis of appendicitis. For twenty 
days he ha<l been having; pain and tenderness in the re^tion of 
the api)endtx, pain being controlle<^l by moriihino. The bowels 
had been loose, he said. There was diilness, tenderness, and a 
distinct tumor in the region of the appendix, with slight pyrosia. 
The blootl count showed only 8,000 leucocytes. He was given 
a compound cathartic pill, had a large movement of the bowels, 
and all symptoms and signs disappeared. 

7. Exfi-n-iitifriiie pregnanty and pelvic hiematocele may cause 
leucocyt^Jsis like ap]>endicitis. but dn not iiwrenae fibrin nuleHS 
jieritouitis is present, and are likely to show n vuirlxd (lintiwUnn 
ill red corpiischs if the hemorrhage is severe. The red cells 
are nonnal in appendicitis except in chronic cases with ab- 
scess. 

8. Floallnij kldneif has l)een already meutione*! in Curtis' ciwe, 
where in combinatiou with typhoid it closely resemble appen- 
dicitis. Even without the jiresence of typhoid, the same dif- 
ficulty of diagnosis may arise between appendix and floatinfE 
kidney. The presence of leucocytosis could not be acconoted 
for by the latter. 

One of the next most commou forms of abscesA Been in 
medical wards is pyosaliiinx, which I shall cjill by the English 
name of " pus tube." As this produces the same effect on tbe 
bloot^l as pehic abscess or pelvic peritonitis, I shall consider the 
three processes together. 



PUS TUBE, PELVIC ABSCESS, ETC. 



PUS TUBE, PELVIC ABSCESS, AND PEXVIC PERITONmS. 

.Umost all that has been said of appendicitis applies equally 
well to these conditiouB. 



Table XIX., A.— Pus Tobb and Pklvio Abscess. 
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From tlieaa data to^etlier with uinetepii utD^r coaata not 
Uere rec-onlwl I cducliule timt: Ini'reaainn coauU of Ii^acorrtM 
nBUall.v i«>iut Uj tlie iR'ed of an niMTiitioD; statinUKry leucoej- 
toeia to n well walleil-off alwcetw. TIn^ kIzii of ilio count w s 
rough meaaurt; of the aize of the alMoeHH, aud caites »*i'/A<»il 
leiicocytosiB rarely need <ii>eratio[i ami unnally rewjver under 
palliative treatmeut, us also do many icidi leiiL-ocytoais. 

Differential Diaynoeis. 

Peine paiD aud fioreuess may be as great in rarious i 
Buppurative coiiditions (ovariau neuralgia, etc) as wLeiu 
abscess is preseut, but the leucocyte couut is raised in none oft<=> i 
the i^elvic disorders of women except abflcess, septiceemia (puar— "ac^aoi 
Iieral, after abortion, etc,), aud hemorrhage (menorrhagiii, jw-gj^ 
metrorrhagia, ruptT]re<l tnbal pregnancy). Emlometritia nni^a'Wiiijj 
cystitis usually muse no leucocytosis. Tlie application of ib«Mi^Bi^H| 
rules will not infretguently help in the diagnosis of pehic diM 
and in deciding how much importance \n attach to the oo; 
pUiuts of pain, teuderuess, etc.. iu a dnuhtful mae. TIm i 
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sence of lencocytoeis makes us rightly confident that no abscess 
of any considerable size exists. 



OTITIS MEDIA. 

Most cases, if purulent, show leucocytosis both before and 
after paracentesis. If serous (see Table XIX., B, cases 5, 10, 
11, 12) the count is usually lower, and we can predict with 
moilerate certainty whether serum or pus will be found on 
puncturing the (brum. Wlien the mastoid is involved the count 
runs higher. If the case drags on, the haemoglobin may get 
low, otherwise the red cells are not affected. 

In some cases the blood alone enables us to distinguish otitis 
and its effects from typhoid. In a case recently examined 
which several excellent clinicians i)ronounced typhoid, though 
there was a marked leucocytosis and no serum reaction, the 
autopsy showed pus in the jugular and lateral sinus but no 
typhoid. 

Table XIX., B.— OTrris Media. 



1 


Ag«. 


1 


Red cells. 


White 
cells. 


S o ° 


Remarks. 





F. 




86,700 


Nephritis acuta. April 30tli. 


1 






27.300 




May 7th. 


1 






34.400 




May 14th, otitis only. 


, 






27,000 




May22d. 








21.000 




Mav 28th, slight discharge still. 


2 2 


M. 




23,000 


55 




3 6 


M. 




18,600 


20 




4, 45 


M. 




14,500 


• • • 


Witli cerebral abscess. 


5 Adult. 


M. 


4.7^6.000 


16,800 


• • • 


Serous. 


6 47 


F. 


4.168.000 


16,600 


65 


Double purulent; vent not free; 














mastoid sore. 


7 


19 


F. 


5,120.000 


16.480 
8.800 


88 
49 


April 28th. 
May 5th, well. 


8 


Adult 


F. 


5.042.000 


15,200 


• « • 


Pus. 


9 


Adult 


F. 


4.472.000 


14,750 


60 


December 7th, hysteria. 








5.416,000 


9.750 


46 


December 25tli (during dyspnoeic 
'ind cyanotic attack). 


lol 


27 


F. 


4.850.000 


8,500 


69 


Serous. 


11 7 


F. 


4.416,000 


6,400 


• • • 


Catarrhal. 


IS Adult 

111 4 


F. 


4.100,000 


4,000 


« « • 


Serous. 


M. 




Marked 


• ■ • 


Purulent: chronic right, acute 








leuco- 




left. Diff. 116 cells; polymor- 








cytoeis. 




phonuclear cells, 57 per cent; 
lymphocytes, 31 ; eosinophiles.S. 




1 
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OSTEOMYELITIS. 

Ill four cases in which no external opening was present, the 
patient complaining only of pain in the bone, the counts of leu- 
cocytes were 29,600, 25,600, 24,310, and 18,000; in each the 
prediction that pus would be found was verified at operation. 
Three differential counts in chronic cases with sinuses showed 
nothing remarkable, no increase of eosinophiles and no mye- 
locytes. 

The diagnostic value of the blood in osteomyelitis seems to 
me considerable, inasmuch as it is difficult by the symi)toms 
alone to feel sure enough of the existence of pus to be willing to 
operate. "Eheumatic pains," "growing pains," and neuralgia 
can be excluded by the presence of leucocytosis. 

Other Abscesses. 

(1) Fehn. — ^It is striking to see how small a collection of 
pus can raise the leucocyte count. Felons containing less than 
one-half drachm of pus may have a leucocytosis of 15,000 to 
22,000. I have counted the blood in three such cases. The ele- 
ment of septicaBmia must be considerable. It seems to make 
no difference whether or not the pus is under great tension. The 
leucocyte count does not fall sharply after the felon is opened, 
but gradually diminishes during the next seven to ten days. 
Even a 

(2) Gum boil raised the white cells to 27,000 in one case. An 

(3) Abscess of the vulva showed 23,500 leucocytes per cubic 
millimetre, and an 

(4) Abscess of the vagina, 12,800. Other varieties are: 

(5) Parotid abscess, 45,500 leucocytes per cubic millimetre. 

(6) Subpectoral abscess, 16,000 leucocytes per cubic milli- 
metre. 

(7) Abscess of the neck, 22,200 leucocytes per cubic milli- 
metre. Carbuncle, 41,000 leucocytes per cubic millimetre. 

(8) Psoas abscess (infected), 50,000 leucocytes jjer cubic mil- 
limetre. 

(9) Abscess of ovary, 26,000 leucocytes per cubic millimetre. 

(10) One case of perinephritic abscess was watched for some 
days while tlie patient was getting up strength for an operation. 
It was an abscess of several months' standing, not increasing in 
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size during the last month, and the counts, as we should expect, 
did not rise or fall considerably but showed a steady well-marked 
leucocytosis. 

July 29th, white cells, 21,400 

" 30th, " " 21,200 

August 8th, " " 22,400 

" Uth, " " 23,000 

" 24th, « « 22,200. (Operation.) 

A second case counted only showed 16,000. Both abscesses 
contained over a quart of pus. 

A third case, evidently tubercular in origin and probably not 
much infected with pyogenic cocci, showed only 10,000 white 
cells per cubic millimetre. 

(11) Abscess of the Limg. — Five cases following pneumonia 
have occurred at the Massachusetts Hospital within the last 
three years; the counts are as follows: Case I., 16,800; Case 
IL, 16,000; Case m., 16,400; Case IV., 30,000; Case V., 
5,100. 

(12) Subphrenic abscess^ four cases. 



Cue. 


Red cells. 


White cells. 


Per cent 
haemoRlobia. 


Remarks. 


1 
2 

3 
4 


4,450.000 
3.200.000 


58.267 
25.600 
15.500 
17,600 
22.000 
15.300 

18,800 
16,600 
18.000 
22.500 


. . . .^^. . . 
38 


May 16th. 
May 17th. 
May 20th. 

October 20th. Supponed typhoid 

for first week. 
October 9Sd. 










October 27th. 
November oth. 

November lOth. Operation ; a 
((uart of pus ; recovery. 







Diagnostic Value. 

1. The case of vulvar abscess was so morbidly modest that 
«*l:i ^ complained of all parts of her body except the one diseased 
gave a train of symptoms which utterly failed to account 
the leucocytosis. The presence of this leucocytosis called 
a much more searching physical examination than would 
"^^e otherwise been made, and the seat of real trouble was dis- 
covered. 
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2. (a) The diagnosis between perinephritic abscess and cyst 
of the kidney is materially assisted by the fact that the former 
causes leucocytosis^ while the latter (see page 305) does not. 

(&) Both cancer of the kidney and i)erinephritic abscess 
cause leucocytosis, but if fibrin is not increased cancer is the 
more likely of the two. This differential mark has served me 
well in two cases. 

(c) Hydatid of the kidney and pyonephrosis are not to be 
distinguished from perinephritic abscess by the blood examina- 
tion. In abscess of the lung the blood gives no information 
that cannot be more easily gained in other ways. 

3. Subphrenic abscess may be confounded with malignant 
disease, both of which may cause leucocytosis; but the absence 
of any increase of fibrin speaks against the existence of an ab- 
scess. 

GONORRHCEA. 

The red cells are not affected, but in acute cases a moderate 
leucocytosis is present and fibrin is increased. Qualitatively, 
the white cells have been said by Neusser and others to show an 
increased percentage of eosinophiles corresponding to the large 
proportion of these cells in the urethral discharge, but Vorbach 
has carefully studied twenty cases with reference to this point 
and finds the eosinoi)hiles in the blood to vary from 0.5 to 
11.0 per cent— averaging 4.2 per cent — within normal limits. 

YELLOW FEVER. 

Jones * found coagulation slow, the red cells 7iot much dimin- 
ished but sliowing decided degenerative changes; hsemoglobi- 
nsemia is common. He makes no observations as to the white 
corpuscles. Pothier of New Orleans, studying the epidemic of 
1897, found the following: "Never less than 4,500,000 red cells 
per cubic millimetre, an average of 8,000-10,000 leucocytes. 
The hsemoglobin, on the other hand, was never over 80 per 
cent, and in some cases as low as 60 per cent. Neither fresh 
nor stained specimens showed anything abnormal about the 
corpuscles." 

A case recently observed at the Massachusetts Hospital 
ahowed two days before death 7,800 leucocytes, 92 per cent of 

' Journal of the American Medical Association, March 16th, 1895. 
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bfemoglobin, with an absence of the tjphoid serum reactioo. 
Through the kindnesB of Dr. Pothier I have been able to stndv 
cover slips from twelve cases of yellow fever from the Charity 
Hospital of New Orleans. The differential counta of leuco- 
cytes are as follows: 
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Bed cells showed nothing except in Case "Vlli., where there 
were marked deformities and a few normoblasts. In some cases 
there was a marked leucocytosis, in others none. (For serum 
reactions, see page 425). 

TYPHUS FEVER. 

Ewing ' in four cases found no leucocytosis. Tumas * found 
no leucocytosis, as the following case shows : 
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' Ewing ; M«w York Medical Joumat, December 16th, I 
■Aid), f. kUn. Ued., vol. 41, p. 363. 



238 SPECIAL PATHOLOGY OF THE BLOOD 

On the other hand, Everard and Demoor,* and Wilks ' found 
leucocytosis. 

MALTA FEVER. 

According to the ai-ticle in Allbutt's recent "Text-book of 
Medicine" the red cells fall gradually in the course of the fever 
from 5,000,000 to about 3,500,000. Bruce finds the leucocytes 
normal in most cases. (See also page 424.) 

RELAPSING FEVER. 

(See Blood Parasites, page 425). 

GLANDERS. 

Christol and Kiener {Comptes lieudHs de VAcad, des Sciences, 
November 23d, 1868) reported leucocytosis in glanders. In a 
fatal case of acute glanders with autopsy which was recently 
studied at the Massachusetts Hosjntal the following counts were 
recorded : 

October 24th, 1897. Leucocytes, 18, 600 ; hseraoglobin, 100 per cent 

October 8l8t, 1897. Leucocytes, 11,600. 

November 4th, 1897. Leucocytes, 13,000. 

November 9th, 1897. Leucocytes, 12,600. 

November 12th, 1897. Leucocytes, 12.400. 

Serum reaction absent ; fibrin increased ; pure culture of glanders 
bacilli from abscesses ; 86 per cent of the leucocytes were polymorpho- 
nuclear ; eosinophiles absent. 

The bacilli of glanders can occasionally be cultivated from 
the blood. 

THE BUBONIC PLAGUE. 

In 1895 Aoyoma, a Japanese observer, studied the blood of 
this disease.' He found the bacilli peculiar to the disease by 
cover-slip i)rei)arations from the blood. The red coipuscles were 
not altered excei)t that their uunil>er per cubic millimetre was at 
times increaHed {e.(j,, 7,G00,CHX), 8,190,000). The cause of this 
I do not know, but it accounts for jjart of the leucocytosis. The 

^ Annalos do Tlnstitut Pasteur, February, 1893. 
• Kef. in Sajous' Annual, 1895. 

'^^'Mittheilungen aus d. Med. Fac. d. Kaiserlich Japanischen Uni- 
versitiit," vol. iii.. No. 2. Tokyo, Japan, 1895. 
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white corpuscles showed a marked increase — 20,000 to 200,000 ( !) 
per cubic millimetre. This leucocytosis was made up almost 
wholly of polymorphonuclear leucocytes; the eosinophiles were 
markedly diminished, and the blood plates were increased. 

ACTINOMYCOSIS. 

Ewing (loc. cit,) reports leucocytosis (21,500) in a single case. 
In a case of actinomycosis of the liver (autopsy) which oc- 
curred at the Massachusetts General Hospital in 1897 the fol- 
lowing counts were recorded : 

June 18th, leucocytes 31. 700 

June 19th, leucocytes 28,400 

June 25th, leucocytes 28,200 

TRICHINOSIS. 

At the International Medical Congress at Moscow (1897) 
Thayer reported two cases of trichinosis in both of which 
trichinae were demonstrated in the muscle. The blood was of 
the greatest interest. Both cases showed an enormous relative 
and absolute increase of eosinophiles as the follo\ivdng counts 
show : 



Case I. 



Red cells 

White cells 

Polymorphonuclear 

trophiles 

Snoall lymphocytes. 
Large lymphocytes . 
Eosinophiles 



Case II. 



neu- 



March 8th, 1896. 
4,232,000 
16.500 

50 per cent. 

5 ** 

7 " 
38 ** 



April 28th, 1896. 

n.'ooo 

6.6 i)er cent. 
19.5 
6.2 
68.20 ** 



5,000,000 
13,000 

37 per cent. 
11 

44 



In the second case it was the blood examination that sug- 
gested the diagnosis, the symptoms being rather those of 
typhoid or malaria. 

I have recently had a case strongly resembling these. In a 
I>atient who had just returned from Germany where he h;i<I 
suffered from a severe gastro-intestinal attack, tender s])c)ts aj)- 
Iieared in various muscles, and swelling of the face and hands, 
weakness, and anaemia were present. His blood showed : 
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Sepl«ml»f Nanmbar 

awii, ]»?. Hb. inc. 

Red cbIIb 5,130,000 i.MOd.OOO 

White cells 11,000 7.000 

Per MDt. Pbt cMt. 

Polymorphonuclear Deutrophilea 'M ite.S 

Small lymphocytes. aw 3S 

Large lymphotytea 3 8 

EktsiuiipliLleB M IT 

Bosuphilt^s C niBstctllen") 9 .0 

This patieut is uuwiliiiiij to hnve a bit of mnsole exdw^ ■ 
tliut the diagnosis of trichinoBis, which I regard as prolnU 
oannot be veriiied. He is rocuvering mpidlv. 

EPIDEMIC TiROPSV, 

(Atuto Amemic Dropsy.) 

MiicIjetHl in Vol. III. of Albutt's "Syatem of Mwlicii»e>'^ 
(leseribes nnder this title a disease uot uiicommoii in Imlia itud J 
other tropical coontries. The blood shows a markeil and cod — 



Fm. B.-BI<»d 




stant amemia with In 



" iucTeaae of gnonkr 
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molecular matter in the serum." Dr. Greene, of the United 
States Marine Hospital service, recently wrote me an account of 
two cases strongly resembling MacLeod's description of epi- 
demic dropsy ; these cases were observed by Dr. Greene at Key 
West, Florida. One was fatal and the other recovered. The 
blofxl of both cases was notable in that the corpuscles were 
almost invariably oval instead of round, reminding him of the 
blooil of amphibia. He was g(3od enough to send me j)repara- 
tions of the blood; a micr()photogra[)h of one of them is here 
repnxluced. Rouleaux formation was absent, another i)oint in 
common with amphibian blood. There was no apparent in- 
crease of the leucocytes when I saw the blood, late the conva- 
lescence of the se<K)nd case. (On the significance of oval forms, 
see page 87;) 

TETANUS. 

Li a single (fatal) case of tetanus treated with antitoxin I ob- 
serN'ed the following counts : 

White cells. Ha>nioglobin. 

June 2l8t, 1897 11,100 70 pur cent. 

June 23d, 1897 11.900 

The eosinophiles do not decrease as in most fevers. 

BERIBERI. 

In a single afebrile case seen at the Massachusetts Hospital 
the following is recorded: Red cells, 3,896,000; white cells, 
7,800; haemoglobin, 48 i)er cent. 

The eosinophiles are said to be much increased in the acute 
stages. Spencer (Lancet, January 2d, 1897) states that there is 
no leucocytosis. 
16 



CHAPTER V. 

DISEASES AFFECTING THE SEROUS MEMBRANE. 

1. Serous effusions, representing probably a milder type of 
infection than purulent effusions, Lave less effect than the latter 
upon the blood. 

2. The serous effusions, however, must be subdivided into 
the tubercular and the non-tubercular. The former, like most 
forms of tuberculosis (see page 255), rarely raise the leucocyte 
count, while the latter may do so, though in a lesser degree than 
purulent j)roce8ses. 

Tubercular affections of serous membranes have been dealt 
\vith elsewhere (page 264) ; but an excex)tion was then made of 
pleurisy, for although there is reason to believe that the majority 
of cases of serous pleurisy are due to tuberculosis, we rarely 
have proof of it, and most observations upon the blood of pleu- 
risy have not been accompanied by bacteriological examination 
of the effusion. Tubercular cases have not been distinguished 
from non-tubercular. Hence the two are necessarily considered 
together here. 

SEROUS PLEURISY. 

Von Limbeck finds in non-tubercular cases from 13,000 to 
15,000 leucocytes per cubic millimetre. The red cells and hse- 
moglobin are not much affected except in chronic cases. 

Rieder finds in non-tubercular cases during the stage of fever 
moderate leucocytosis, 13,000 in one case in which the bacterio- 
logical examination showed the presence of Fraenkel's diplococ- 
cuH in the exudation. After the fever has subsided the leucocy- 
tosis falls to, or nearly to normal, so that cases examined for the 
fii*st time some weeks after onset would show no increase at all. 
This he thinks exi)lains the results of Halla and others who 
found no leucocytosis in serous i)leurisy. According to Bieder 
the presence or absence of leucocytosis dei)ends not so much 



SBROUS PLEURISY. 24S 

on whether the product is seram or pus as on whether the 
trouble is stationary' or advancing.^ 

In tubercular pleurisy despite fever Kieder found but 4,600 
white ceUs in one case, and Pick got similar results in two 
cases. 

Hayem makes no clear distinction of tubercular and non- 
tubercular cases and states that "acute inflammatory" pleurisy 
lias from 7,500 to 12,000 leucocytes per cubic millimetre. 
The fibrin network is much less dense than in pneumonia; 
in most of the tubercular cases it is not increased at all. 

In ninety-nine cases examined at the Massachusetts Qeneral 
JEospital the average count of leucocytes was 6,130. 

Table XX.— PLBURrric Effusion (Serous). 

Between 8,000 and 4,000 3 cases. 

4,000 " 5,000 5 ** 

5,000 " 6,000 14 " 

6,000 " 7,000 17 " 

7,000 " 8,000 10 *♦ 

" 8,000 " 9.000 13 " 

9,000 " 10,000 14 *♦ 

10,000 " 11,000 9 ** 

11,000 *♦ 12,000 4 " 

12,000 - 15,000 7 ** 

Over 15,000 3 " 

Total 99 " 

Average 6, 130. 

Here tubercular and non-tubercular cases are not distin- 

^S^ished, and a majority of them were not seen till the trouble 

l^ad been going on two or three weeks. The j)atient8 did not 

^^ek advice until the eflfusion was large enough to cause dysj)- 

Xicea. Of the ninety-nine cases all but fourteen had no huco- 

^^tosia. Most of the cases were afebrile or nearly so, and very 

likely tubercular, but no cultures were taken in any. Eight 

cases reacted to injections of tuberculin. None of these eight 

had leucocytosis. 

The cases wUh leucocytosis were mostly those seen in the 
febrile stage, near the beginning of the sickness. No diflferen- 
tial counts were made. 

In chronic cases the red cells are said to be considerably 
diminished, but this has not been the case in our series: no 
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couut of nnder 4,000,000 was recorded, ami tlio (vlnrinK iiuitu-r 
was Bot much diminiBhed. 

Siimntary. 

1. E«d cells and Lieiuoglobiii show no important cbanfices. 

2. White ceUu not iucressed in most caaea except iu febrila 
stiigce, and not often over 13,000 tlien. Tabercolor coses if un- 

^oraplicatecl probably never have lencocytoBiB. 




DiagitMiic Value, 

The blood couiit may help a (;ood deal in doabtful cases br 
exelading empyema, pneumonia, and malignant diaeuM of tL» 
lung, all of which are accompanied by higher leucocyte connta. 
Comimre the average count in serous pleurisy, )i.l30, with tha 
average in pneumonia, 24,000, or in empyema, 18,300. Tha f«w 
cDiuitB I have seen of malignant disease of the lung have 
still higher. 

Hayem insists, rightly it seems to me, that clinicians ooahl 
(;et reiil help from blooil examination in almost ovi^ry case of 
dfiubtful din^oais in which the lung and pleura are in question. 
In children the leucocytes are considerably increased by even a. 
serous iDflamniation. their blood reacting always more Btrougly 
than that of adults to any morbid influence, and in them it: 
»nay Ije impossible to distinguish serous from purulent ph'U- 
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PURULEXT PLELKISV (EMPYEMA). 

The counts in nineteen cases observed at the Massachi 
Hospital are as fullims: 




S.4M,00U 
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Per cent 




Case. 


Red cells. 


White cells. 


haemo- 
globin. 


Remarks. 


7 




22,800 
34,700 
29,800 
17,700 
22.000 
22,100 
21,800 
17.200 
27,300 
30.100 
25.800 




June 5th. 

June 7th. 

June 8th. Tapped turbid serum. 

June 9th. 

June 10th. 

June 12th. 

June 14th. 

June 22d. 

June 24th. 

June 29th. 

July 8th. 


8 




20,»00 
14,700 
11.400 




January 5th. 
January 7th. 
January 23d. 




1 


11.700 




January 26th. Tapped. 






18.000 
26.000 




January 30th. Re-accumulation. 
February 3d. Operated; pneumo- 
cocci and streptococci. 


9 


4,192,000 


10.800 
18,500 

14,500 
18,300 
10,000 


48 


December 20th. 

December 22d. Broke into lung ; cul- 
ture sterile. 
January 2d. 
January 4th. 
January 9th. 


10 




16,200 


56 


Pneumococcus. 


11 




15.500 






12 


• • • • • • • 


15,200 






13 


4,500,000 


14,000 






14 


4,850,000 


12,650 


85 




15 




12,450 


60 




16 


4,666,666 


12,000 






17 




11,700 


44 


Culture sterile. 


18 




10,900 






19 




7,600 




Operated ; several pints of pus ; strep- 
tococci. 



This is in mcirked contrast with serous pleurisy as above 
noted. Yon Limbeck noticed the same thing. 

PERITONITIS. 

A patient with serous pleurisy (non-tubercular) is hardly 
ever in danger, while if the general peritoneal cavity is the seat 
of a like inflammation, recovery is almost out of the question. 

This clinical difference is parallel to the difference in the 
blood condition. Any inflammation of the peritoneum (non- 
tubercular), whether serous or purulent, calls very large numbers 
of leucocytes into the x)eripheral blood. The only exceptions 
to this rule are those cases in which the organism is so over- 
whelmed by the disease that it offers no resistance. We have 
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seen that this same effect is produced in the severest cases of 
pneumonia and diphtheria, and presumably it is true of many 
other infectious diseases in which the blood has been less care- 
fully studied. 

Almost all cases of general septic peritonitis show very 
marked leucocytosis, and the spreading of a localized process is 
always indicated by an increasing leucocytosis. But here and 
there it happens that the patient cannot react against the disease 
at all, and then the leucocytes are normal or diminished. This 
never occurs in empyema because the system is never so over- 
whelmed by a septic process in the pleura. The fibrin network 
is increased in almost all cases. The following counts, all in 
fatal cases, illustrate these points : 

Tabl'e XXI.— General PERrroNms. 



No. 


Age. 


Sex. 


1 


84 


F. 


2 


Adult. 


F. 


3 


27 


M. 


4 


Adult. 


F. 


5 


31 


M. 


6 


Adult. 


M. 


ft 

4 


Adult. 


M. 


8 


52 


F. 


9 


Adult. 


M. 


10 


41 


F. 


11 


• • • • 


• • 


IS 


21 


M. 


13 


38 


F. 



Red cells. 



4,860.000 
7,000,000 

5,317,000 
4,000,000 



6,000,000 



5,700,000 
6,840,000 



White 
cells. 



54,000 
82,000 

24,000 
22,000 
19,000 
16,000 
6.000 
5,828 

5,800 
4,600 
Marked 
iDcrease. 



12,200 

9,000 

1,700! 

2,100! 



Per cent 
hfiBmo- 
globin. 



95 



Remarks. 



Abscess of spleen (?). 

Purulent; from appendix— myelocytes, 
2 per cent. 

Dvsentery, with perforation. 

Chronic, purulent. 

Rupturetf bladder. 

Moribund. 

Purulent; operation. Death. 

Obstruction: died in three days; au- 
topsy. 

Purulent. Death within 24 hours. 

U U U t*^ M 

After appendix operation. Diff. 1,000 
cells: Polymorphonuclear cells, 90.5 
per cent; lymphocytes, 9.5; eosino- 
philes, 0; myelocytes, 1. 

June aoth. 

July 2d. Autopsy. 

August 2d. Autopsy. 

August Sd. 



Diagnostic Value. 

1. When a diagnosis rests between peritonitis and (a) ob- 
struction (non-malignant); (b) malignant disease; (c) hysteria, 
phanteon tumors or malingering, the presence of marked leuco- 
cytosis with increase of the fibrin network speaks strongly in 
favor of peritonitis. 

Obsti'uction or malignant disease may increase the number 
of leucocytes, but rarely increases the amount of fibrin. 

Hysterical or malingering i)atients have normal blood. 
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2. We cannot distinguish serous from imrulent peritonitis 
in septic cases, but tubercular peritontfta can always be excluded 
if leucocytosis is present. 

3. As to the "chronic granular jieritonitis," non-tubercular 
and non-septic, I have seen no reference in hflematological litera- 
ture and have no first-hand knowledge. 

4. In the ivoi-at cases leucocytosis may be absent, as in the 
most virulent type of pneumonia. 

PERICARDITIS (WITH EFFUSION). 

As in most other inflammations of serous membranes we can 
distinguish the tubercular cases which have no leucocytosis 
from the rheumatic or septic cases which always increase the 
white cells. The tubercular cases are discussed under tuber- 
culosis (see page 267). The following counts illustrate the 
rheumatic form of the disease : 









Percent 




Case 


Red cells. 


White oellg. 


h»mo* 
l^lobin. 


Remarks. 


1 




42,400 
32,600 
19,200 
17,500 




November 3d, 1895. 

November 7th. 1895. 

November 11th, 1895. 

December 8th, effusion nearly gone. 


2 


2,632,000 


21,600 

27,100 
36,600 
26,700 
19,200 
24,800 
28.600 
20,100 


45 


December 24th, endo - pericarditis, 

chronic nephritis. 
December 26th. 
December 29th, no fever. 
May Ist. 
May 3d. 
May 4th. 
May 7th. 
May 8th. 


3 


4,568,000 


26,000 


67 


December 14th. 






19,400 


• • . • • • 


December 20th, effusion subsiding. 


4 




24,000 






5 


4,168,000 


19.447 


67 




6 





15,400 






«■ 
i 




14,600 


65 


Autopsy. 


8 




12,000 


63 


Tapped. 



Hay em has noted that pericarditis is far more apt to pro- 
duce leucocytosis than is endocarditis. 

Diagnostic Value. 

In excluding cardiac hypertrophy or simple dilatation with 
ruptured comx)ensation, both of which may occasionally simulate 
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a pericardia! effusion, tbe ]ireneuce of marked leacocytoais is 
absolutely declBive. When we are sure that effuBion exists, the 
absence of lencocytosis points strongly to a tubercular process 
as its cause. 

MENINGITIS. 

Leucocy tosie is usually well marked. Ton Limbeck considers 
that tnbercolar menii^tis cau be distinguished from purulent 
by the absence of leucocytosis iu tubercular cases, but Osier ' 
states that many cases of tubercular meningitis do have lencocy- 
tosis throufihout their course, and my own observations in seveir 
cases tend to confirm this. Of Rieder's cases, one had leucocy- 
tosis and one did not. Zappert's ease had 11,130 white cells, 
and Ziemke one with 17,500. It seems, therefore, that we some- 
times have here an exception to the rule that tubercular proc- 
esses do not produce leucocytosis. Certainly some cases do 
follow this rule. But however this may be, it is certain that 
jiurulent meningitis, whether secondary or of unknown origin, 
is characterized liy high leucocyte counts (Table XXII.), and 
if in a case evidently of meningitis of some kind leucocytosis 
is absent, the case is probably tubercular in origin. 

Tabls XXII. -MEnNains. 



No. 


Age. 


Sex. 


RetlwUs. 


White 
celk. 


Par cem 

elobln. 


B.^^ 


^ 


■"ja"' 


M. 

k: 

F. 

v. 


0,«>U,000 

0,400,0110 
6,000,000 

5.0«l,000 


as 

18.S00 

lalooo 

um 
niioo 




l»(l.l.0Oa<*lia: AcliiltcBllB.9»iwrccnt.; 


3 


» 


i 


78 
















10 


*,3M.00O 

■"iow.(ibb' 


a 


Speclflo. 







Ce}-ebro-8pit>al memngifie (see Cases 3 and 7, Table XXII.) 
shows the same characteristics in the blood as do cases limited 
to the cerebral meninges. A case repoi-ted by v. Jaksch' had 
4,800,000 red and 24.000 white cells. 

'"Prncliceof Medicine," 2d edition. 

'Zeit. f. klin, Med.. 18fl3. p. 187. 



BPID8HIC CBKBBRO-SPINAL HENIN0IT18. 



EPIDEMIC CEREBROSPINAL MENINGITIS. 

WillianiB finds leucocytoBiB in about two-thirds of his cases. 
The following cases were seen duriug the epidemic of 18i)7. 
The red cells are not markedly a£E'ected. Leucocytosis is the 
rale, bat is not invariable. In a general way the higher the 
coant the severer the case, and the count usoally rises as the 
case gets worse and falls with improvement, though often very 
slowly. 

Table XXIII.— GpmEHic Cbhebro- spinal MENiNanis. 



-AjW. Sex. 


RedcelU 


«'t" 


BlSblE] 


«...«... 




«0 M. 




51,200 


100 


Polynuolear cpHb, 95 per cent. 




3 H. 




43,800 
14,600 

16,800 




April 26Ui. 
April a8th. 
May 7th. convalescent. 




-»5 F. 




40,000 




Polynuclear cells, 84 per cent. 




se M. 




35,600 




November 18Ih. 










26.400 


'.'.'.[ 


NovemlK.r 20th. 










37.001) 




November 32d, 










14.000 














18,600 




Nnvember 37th. 










14,400 




November 2Bth. 










10,300 




December 4th, well. 




S 


M. 




85,000 

36.8U0 
24,400 

23,100 


57 


Maruh 13Ui. polynuclear c»IU. 72 pt 

March' 14th. 
March 18th. 
Slarcli 23d. t^covery. 


tr 


-10 


F. 




05.000 




Polynuclear cells, 93 per cent. 




-40 


M. 


3,*8«)'.bob 


83,000 




Polynurlear cells, 82 per cent. 




A2 


H. 




30,000 








4 


M. 




S8,iilOO 
16,800 

la.ooo 


60 


September 34th. 
October let. 
Octol>er 10th. well. 




> 


F. 





96.600 




July 4th. 




Knrai. 






90,300 

iiti.ooo 

17,800 
37,400 
16,000 
11.700 




Julv 18lh. 

July t8th. 

July 23.1. normal. 

Julv 3»th, temperature 104^ 

August 2d. 




HI 


U. 




8B.000 
81,200 


*48' 


July 13th, 
July I7th, 




1i 


H. 




97.200 




July 6th. 




■XIOL 

7 


F. 




83.800 
25.800 

31,400 




July 7th. 
Slarrli 261.1.. 
March 30(h. 










26,800 


'.'.'.'. April 4th. 










13.800 


.... lAprillSth. 














April ir>th. discharRed well. 
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Ag«. 


8». 


BMcvll*. 


Milt. 


g\obln. 


»™«, 


as 


F. 




as, 000 




Polyniielwir cellR. « per out; raj 


22 


«. 




84.200 
11,800 
11,800 


100 


pnaed Krippe. 
S^pleiiitwr 6th, ^H 
8t>pt^<Ml>er lOUi. ^M 
BeptPinber 13th. recover;. ^H 


24 


F. 




38.fi0(l 
10.600 


'76 


Octolwr 2d ^H 
October 18tl> ^" 








9.000 


'm 


November I5th. 








T.OOO 








M. 




30. WW 


"da 




81 


H. 




19.500 


56 


Auhipay. 

Msrch t8th. ^m 


IS 


F. 




19,000 










93.4U0 




Mar^h 16th. ^H 








sa.40o 




HMTh 88d. ^H 








83.900 




Mitrch Slit. ^H 








90.W10 




April 6(h. ^H 








98.400 




April 12th ^H 








14.600 




May 34ih. recovend. ^H 


40 


F. 




19.000 




^M 


S 


M. 




18. WO 
18.400 

81.000 




March 18tli. ^H 
Maivh 30th. ^H 
April 3d. ^H 


81 


M. 




18.000 


62 


^M 


« 


M. 




17.700 


68 ^^B 


ai 


M. 




16.800 
19.100 
10.000 
11.400 


60 


October 8(1. ^H 
October 4th. ^H 
October ISth. ^M 
October 88th. becune ehroDhf^H 


10 


H. 




10.800 
16.900 

i4.noo 

16,400 
14.400 
17.800 


:;; 


OchiLier 3th. ^^1 
Octob^ 7th. ^H 
Ortolier Bth. ^H 
October 18th. ^^H 
O<i[ol>er 10th. ^^M 
October 17th ; 18th diMbai«^H 


M 


M. 




14.600 


7is 




ao 


F. 




14.800 


78 


^H 


M 


F. 




18.800 
80,700 
14.6(X) 




^orernhnr 18Ul. ^H 
November 9laL ^^M 
Novembtrr a«th. reoOTn; ^^H 


98 


F. 




12,900 


"m 




9 


U. 




12.400 


m 


October lOtb. ^^1 








17.900 


.... iOctub«r nil). ^^M 








14.600 




October 12lh. ^^ 


89 


F. 




18,400 
14.000 




September I«th. 
Bept«nil>er IIHli. 


SS 


H. 




12.100 


■» 


Autopsy : Bertim reactuiu BbBeni. 


18 


H. 




11,700 
92,800 
18.100 




October 8d, 

October 41 h. ^^m 

October 0th, AUtopor. ^^M 


98 


F. 




10,700 
14.400 


86 


June t4th. ^^M 
June S4th. died. ^H 


^ 


^^^^ 
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Table XXin.— Epidemic Cerebrospinal Meningitis (C<mtinued). 



Age. 


Sex. 
M. 


Red cells. 


White 
cells. 


Percent 
hemo- 
globin. 


Remarks. 


24 




10,000 


• • • • 


June 6th. 








7.600 


• • • • 


June 8th. 








15.600 


• • • • 


June 9th. 








16,200 




June 10th, temperature rising with 
count. 








12.300 




June 11th. 


• 






16,700 
18.800 
17.800 
17.800 
12.100 
13.300 
16,800 
16,400 
10.700 
11.700 




June 18th. 

June 15th. 

June 17th. 

June 18th. 

June 19th, temperature down. 

June 2l8t. 

June 22d, temperature up. 

June 28d. 

June 25th, temperature normal. 

July Ist. 


22 


M. 




6,500 


60 


A.utop8y. 



Flexner and Barker, investigating a large epidemic at 
Lonaconing, Maryland, found leucocytosis in every case (12,000 
-32,000 per cubic millimetre). The epidemic studied by Wil- 
liams and myself was apparently due to the diplococcus in- 
tracellularis of Weichselbaum. 

Diagnostic Value, 

Meningitis is the only intracranial disease (except abscess 
and ai)oplexy) which shows leucocytosis, and this fact may be 
of great help in excluding other causes of coma. 

1. Brain tumor, hysteria, lead encephalopathy, diabetic 
coma, sunstroke,* and narcotic or alcoholic intoxication do not 
cause leucocytosis and hence can be excluded by its presence. 

2. Uraemia, apoplexy, and post-epileptic coma ma^' have 
leucocytosis and cannot be distinguished from meningitis when 
leucocytosis is present; but the absence of leucocytosis excludes 
meningitis. i 

3. Some cases of typhoid, when seen for the first time and 



* In a case of heat exhaustion (temperature 104°) without coma, a leu- 
oocyte count of 37,200 is recorded at the Massachusetts Hospital. 
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without a history of the i)i'evious fllness, may l)e difficult to ili>- 
tiiiguish from meniii^itis, but typhoid never lias leuctn-ytosis if 
uncomplicated and meningitis always has. 

4. From pneumonia we cannot distinguish meningitis h\ tin- 
bl(Kxl count. 



PART in. 

CHRONIC INFECTI0X7S DISEASES. 



CHAPTER YI. 

TUBERCULOSIS. 

Ked Corpuscles and HjatooLOBM. 

(a) Qtaintitalive Changes. 

I. The Btrikiug fact is the abeence of such aiiteinia as we 
should expect, judging from the pallor of the patients and tlie 
tinture of the diseaae. It is oommou to find a uoriual or even in- 
ti'eased number of red cells in pale cacbectic-lookiug coneiinijj- 
tires. We cannot help wondering whetlier our methods of ex- 
amiuatioD are at fault, that is, whether the di-op we examine is 
ty])icAl. {For discussion of the subject see pa^e HI.) However 
this may be, it is undoubtedly the fact that in most cases of 
tabercalosis, even in advanced stages, the count of red cells is 
approximately normal. Often the bwmoglfibin is also high. 

n. In a smaller number of cases tlie hromoglobin is much 
ilimiuished, although the count of re<l cells is noi-mal — in 
othur words, we find the blood characteristic of a moderately 
nevere secondary anicmia. The red cells are numerous enongh, 
bnt only because their numbers have been recruited by the influx 
of " half-baked" or decrepit corpuscles, small-sized and pale, 
poor in albumin and hppmoglobin. 

The condition differs from tlmt of chlorosis mainly in that 
Aome of the red cells are normally developed and nourished, 
while in chlorosis all, or neaily all, are feeble. Such blood oc- 
mra in the severer and more cacbectic sufferers from tul>ercu- 
losis. just oft«n enough to make us wonder that it is not almiyif 
to be found. 

TTT- In a small pei-centage of cases both red cells and 

moglobic «re considerably diminished (virfe Table XXIU., 
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case 32), tlie latter UBually sufferiug more tliau do the i 
number of cells, that is, tlie color index is nsiiully below Ll 

Von Limbeck' bay recorded a ca^e in which in the o 
a tubercular process (acute iniliarv) the red cells fell as 1 
730,000 (white cells, 4,300; hteuio^hibiu, tWBu(j--live percent). 
But the accnuiit of the blood is not sufficieutl.v explicit in th'u 
case to enable us to exclude a true pemicioos aneomia in the 
course of which the tuberculosis mav have been only the Inst in- 
oideut. No other such case is on record, no far as I atn aware. 

IV, Fihriu is not increased unless extensive Hec<iudai 
fection is present. 

(6) Qiialibitlce C/Mfif/e». 

I. Tliere may be none whatever. 

H. Tliere may be ouly n pallor of some of the indi 
corpuscles with sli(^ht changes in size and shape. 

in. In very severe coses tlie [wikilixrytosis may be ext»me, 
but this is much rarer than in many other cachexias of the same 
severity {e.g., malignant disease). 

IV. An important ]ioint is the usual abaenoe of uucleatwl nxl 
cells. Even after hemorrhages it is rare l<i find any uucleatnl 
red cells, and this is in markeil contrast with caucor oaaoa, in 
which DucliMited red cells are the rale. 

V. The ilegenerative changes described by HaratiUana aie 
sometimes fouml in severe ciises with mixed infection (vide ui/ra). 

As regards the inHuence of the difTerent seats nf tulfercotar 
disease (meningeal, pulmonary, geuito-urinary, acut» miliarr, 
etc.) u|X)n the red corpuscles and luemoglobin the following are 
the probabilities. 

Pure tubercular disease itself, whatever its seat. Itaa little 
or no effect upon tlie blood. The widely different conditiona of 
the blood found in different casefl deiiend prolwibly od Die |ire»- 
fluce or uliseuce of vari<ms t^ither orgauisms (diplococcos lauoeo- 
latue, pyogenic cocci) associated with the tuben^le bacilln«, aail 
on whether there is some drain on the Ixxiy albuminoids (diat^ 
rhcea, jieritoneal effusion, stanatiou, i>rolonKed SQppnratioti). 
When the infection is a mixed one, the blood shows the onli- 
nary effects of septieiemia (for then the case tV pnu^ically oo» 
of septicemia) in lessening the number and quality of the red 
' Loc cit.. ji. 3^(i 
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cells. When there is drain on the fluids and proteid constit- 
uents of the body, the red cells may not seem to be diminished, 
owing to the concentration of the blood from loss of fluid. Under 
such circumstances they may even seem increased, but the indi- 
vidual corpuscles are sure to be lacking in haemoglobin and the 
other nitrogenous bodies of which they largely consist. 

Fever may be present without there being any changes in 
the red cells that we can detect. It is only septic fever, and not 
the fever of pure tuberculosis that drains the corpuscles of their 
vitality and lowers their numbers. 

Leucocytes. 
(a) Quantitative Changes. 

Here, as with the red cells, the striking fact is the absence of 
changes in pure tuberculosis. It makes no difference whether 
we are dealing with tuberculosis of the bones, serous membranes, 
or internal organs. So long as the infection remains unmixed 
the white cells are not increased. In certain localities (lungs, 
kidneys) the opportunities for a secondary infection and septi- 
csemia are so great that we frequently find evidence of it in the 
blood. On the other hand, psoas abscesses before they are 
opened often contain only tubercle bacilli, and the blood of such 
cases shows no considerable changes. 

So much more is known of the numerical variations of the 
leucocytes in tuberculosis than of the other blood constituents, 
that I shall give a separate account of them in phthisis, in tu- 
bercular bone disease, in tubercular meningitis, acute miliary 
tuberculosis, genito-urinary tuberculosis, and tubercular peri- 
tonitis. 

I. PHTHISIS. 

I. In incipient phthisis the leucocvtes are normal except after 
hemoptysis. 

n. After attacks of hcemoptysis, there is usually leucocytosis, 
subject to wide variations according to the amount of the hemor- 
rhage and the resisting power of the patient. 

This follows the laws of ordinary post-hemorrhagic leucocy- 
tosis (tnVfe supra) and disappears quickly when the hemorrhage 
ceases. 

ni. Cavities. — ^Very constantly accompanied by leucocy- 
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to6i8. Tiideed the alisence of lencoc.vtoHiti iii aity case pr 
tlie alieence of hu.v cavity of coUBiderHble aiise. 

IV. Erhimice iiiJiUratlon (" tubercular pueamoiiin") mii.v 
cause marked iucrease of white celln, sometimcH as great m iu 
ui'oiipous xiueuuKJuiu, but thii^ is not invariable. 

V. Fibiijid PI'lliitis (t-hronic iirterstitial ]>Douuiouia). — Aa ■ 
rule the louwif.v U-s sliuw iio iucreaae, but if, as Hometimeft oc- 
curs, we have the i-i>iiibiiiation of this conditiou with cnvit.v for- 
matiou, the latter may increase the count of white celln. 

VL fever. — Wheu the temperature ie normal tlie leucocytM 
are normal, but a febrile state may or may not be accompanied 
by loacoeytoBis {at-cortTiug, presumnlily, as the fever is or i« not 
due to pyogenic organisms). 

VII, Tuberculin hijectiutis. — At the height of the reatHion 
fever the leucwytes almost always rise, tlie lymphiH\vt«:-» aud 
eosiuuphiletj being relatively iuoreased. 

Iq a general way, the worse the case the higher the Ieiioocyt« 
couut, yet the signs may be advanced without causing nay 1«0- 
coirytosie if cavities are alweut. 

The following tables give some idea of the raugo of the coontii 
iu average hospital casea of phthisis. 

Pbth]8I»— Red Cblls. 
Delweeti 2.000.000 nod 8.000.000= 1 oMe. 
8.000,000 " 4.000,000- 18 cues. 
4.000.000 " 5.000.000 = 8* ■ 
5,000,000 " 6.000.000=18 - 

Totel M - 

pH-rmsiB— H^MOoi/iBnc. 
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Phthisis— White Cells. 

Between 3.000 and 4,000= 5 cases. 

4,000 " 5,000= 4 " 

5.000 " 6,000= 9 " 

6,000 " 7,000= 9 ** 

7,000 " 8,000= 10 " 

8.000 ** 9,000= 9 *' 

9.000 ^ 10.000= 14 " 

10.000 ** 11,000= 5 " 

11.000 " 12,000= 7 ** 

12.000 - 15.000= 25 ^ 

15.000 " 20.000= 16 " 

20,000 " 30,000= 8 " 

** 30,000 " 40.0(K)= 3 ** 

Total 124 " 

The number of those showing leucocytosis is slightly greater 
than those without it, probably because incipient cases rarely 
think themselves sick enough to come to a hospital. On the 
other hand, some of the cases which apj^ear to have been going 
on for months have normal leucocyte counts. The duration is 
less important than the nature and severity of the process. It 
IB rare to see extensive signs in the lungs without leucocytosis — 
fibroid phthisis excepted. 

Qualitative Changes in the JVTiiie Cells, 

1. Many cases show none at all. 

2. When the leucocyte count is normal we may find an in- 
creased percentage of large and small lymphocytes, such as is 
commonly found in any blood poor in nutritive qualities (see 
page 96). 

3. When leucocytosis is present, we usually find the ordi- 
nary marked increase in the i)ercentage of polymorphonuclear 
cells at the expense of the lymphocytes. 

For example: C. D , male, thirty-two years old. Tuber- 
culosis of lungs, with cavities ; leucocytes, 17,580. DiflFerential 
count of 1,000 cells shows : 

Per cent. 

Polymorphonuclear 83.4 

Lymphocytes (small) 8.2 

Large lymphocytes (large and transitioDal) 8.4 

EosiDophiles 0. 

17 
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4. Eosinopliiles are increiisetl duriuK tht> rcsctiou front 
injection of tnl lerculiu, and also iu soiae caseH with csntiea in 
which possibly the iudividuiil iuoculatea himself with tuborctilin 
tuauufiictured in the cavities of his own luugs. 

OthiiEwise the eosiuophilea ore increased only at cortniti 
physiological t^eauons — menses and coitus. In most cssea asao 
oiated with leaeocytosis they are absent. 

5, Myelocytes were found by Holmes, W. R. May, adiI lui- 
selt iu mauy cases of advanced phthisis. Tliey Hveragod .3 pet 
cent. 



I in 



Peiiiiuclear HampJiilla. ' 

Ifeasser and his followers have advanced a theory thai 1 
occurrence of j)erinuclear basophilia durint; tul>ere»l(i««iH i« » 
favorable sign und marks a system capable of resistini; the 
tubercular infet^tion. The researchm of Futcher and my owb 
attempts to verify Neuaaer's thefiry have not confirmvd bia 
findings. 

Holmes, of Denver, has stiidietl the leucfXM't«^ in phtliisw 
with ^reat care and considers that he finds therein meaua not 
only of dia^uoainiii; tuberculosis by the btiKxl alone, but of 
measuring the decree of advancement of the proceaa and tl>e 
amount of resistinn jMiwev iu the i)atieut. 

I have carefully followed out Holmes' jirocedurea with staiuB 
seen and approved by hitu. I can verify most of his atat#OH*iito 
of fact, but some of the inferences which he draws tlierefrotn 
are, I think, wholly unwarranted. The blood changes in pul- 
monary tuberculifflis are mainly such as he di-scribes, bat they 
have no dlaguostic valne, as similar ekauKea are foam) in a 
great variety of other diseased conditions. The iDcreSBP of 
polymorphonuclear forms in advancetl cases, the incn«Md 
amount of "deliris," the degenerating forms, etc., are all char^ 
actenstic not of tuberculosis alone but of am' severe sappomtin 
process. The increase of " debns" is probably the same datnm 
which Wattuns interpreted as an iucreaae in blood pUtM 
and Goldbei^er and Weiss us " extracellnlar t^lyoogen. " (With ^ 
Holmes' " undeveloi»ed nuclei" in the leucocytes, comimre j 
121 ) 

' 8e<- Api>eii(lii. 
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n. BONE TUBERCULOSIS. 

Brown* has studied seventy -two cases, Dane' fortv-one. 
Dane's study of the blood in forty-one cases of hip disease and 
Pott's disease is a very careful one. Whenever abscesses ai> 
r>eared in connection with the disease, cultures were taken when 
the abscess was first opened and again later on, and the coin- 
cidence of low counts with absence of pyogenic cocci and with 
high counts of secondary pyogenic infection is very notable. 
Dane's conclusions are as follows : 

1. "High leucocyte counts, especially in hip disease, point 
to the probability that there is, or soon will be, abscess forma- 
tion; but low counts do not i)reclude the presence of abscess, 
especially in long-standing cases. 

2. " If abscess is present, a low count of white cells indicates 
the absence of secondary pyogenic infection (proved by cul- 
tures). 

3. " Cases of traumatic origin are generally accomx)anied by 
a high leucocyte count. 

4. " The leucocyte count bears no direct relation to the tem- 
I)erature; one case with 30,980 leucocytes (five-year-old girl) 
showed a temi)erature of only 99.4° at the time of the count. In 
another girl of three years whose temperature ranged between 
101° and 104°, the leucocytes were only 7,224, or subnormal for 
that age (vide infra, page 336). 

5. " Cases where at the primary operation the pus proved 
sterile show an increase in the leucocyte count when the wound 
becomes infected with pyogenic organisms" (as it always 
does). 

6. ** The red cells are rarely diminished, but the haemoglobin 
is usually relatively low (mild secondary ansemia in these cases) . 
This absence of a diminution in the red cells in these cases is 
the more remarkable because they were almost all in young chil- 
dren whose blood is much more sensitive to any deleterious in- 
fluence than that of adults." 

Brown dissents from several of Dane's conclusions. He 
thinks that a case may go on to abscess formation without any 
increase in the leucocyte count. WTien an increase does take 

* TransactioDB of California Medical Society, 1897. 

* Boeton Medical and Surgical Journal, May 28th, 1896. 
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place he tbiuks it iliie either to a secondary infection or to I 
increased Hurivity of Uie tubercular iirocess itself witliuat any 
aecoudary infectiou. The latter process, however, iu Brown'o 
ex peri once causes nulj a miHlerate increase (2. 000-3,0(10 >, 
while if a marked increase suddenly or Knulnally otH^nre be 
thinks it "most si^fuificant of aecoudary infectiou," With 
Daue'a fifth oouclusiim he wholly n^rees aud adiis: ".Vftvrtlie 
infection <produceil by the operation) the leucocytoaia is my 
hi^h for a time, and if tlie sejtsis is acute and threatoiut ]ifi> it 
reinaiiiH hi^h until the crisis is passed." Otherwise it Krad- 
nally falls after the first few ihiys. itud if the jHitient procrwiwa 
well, it disajJi-ears. If the pyogenic matter overcomes the i»* 
cai>erative iwwer, the leueocjles fall as iu |)eraciitti pnnm 
or i^eritonitis. In such cases the antemia increases as wel 



Qiuiliiatlve L'/uiiitjts. 



overetHnew lue ■»• m 
racutti pnenii^^HM 
easea as weU^^^^| 

B may be i^hH 
i-ases is illiuitnC^n 



(a) As in other forms of tuberculoHis thei 
all. {li) Tlie cell changes in jinrely tnliercular oases is illiuitr 
well hy C'Jise 17 of Dane's series, a boy of seven whose blond on 
the day of operation fur hip disease with large abscess dhowed 
8,932 leucocytes. The differential count was as follows: 



Polymorplionuctear iieutroiiliili-s 40 

Smitll lyiiipli'Jcyte* 4S 

Ijirgo tyniphtx-ytMBni) tranaftional forma % 

Bus ino|)lii 1*^11 t 



i 



Ei^ht ounces of jius were evacuatetl, in which cu]tur<w shniml 
the alMeuce of pyo)^mc organisms. 

This case demonstrates that some cases of tabejvtt)ariini>- 
puratinu have no tendency to pnxlnceleiicocytosis ortu increauie 
in the neutrnphiles, hut induence the blo(xl only by priNlavinit 
what might l>e terme<l n him tional debility of the blood throoKb 
lack of nntritive substano.'s in the plaama. This condition 
is by no means peculiar to tulterculosls, but occurs in * , 
great variety of debilitated or cachectic conditions, na alnadv 
stated. 

(r) But when a septiciemia mmpiicatvs the tubercnloBis, o 
metauiori'hosia appears to be accelerated, and we get wiU 
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quantitative increase of leucocytes such qualitative changes as 
the following : 

Percent. 

Polymorphonuclear Deutrophiles 84 

Lymphocytes (small) 9 

Lymphocytes (large and transitional) 6 

Ekwinophiles 1 

This was a case (No. 33 of Dane's series) in which the ab- 
scess, sterile when first opened, had become inoculated with the 
staphylococcus aureus. 

(d) Not every case with leucocytosis shows qualitative 
changes as the above. One of Dane's cases (No. 22, a boy of 
ssven) showed a leucocytosis of 23,387, but only sixty per cent 
of these were polymorphonuclear, and two i>er cent eosinophiles. 

In a case recorded by Dane (No. 32), tubercular osteomyelitis 
showed 6,083 white cells (subnormal, as the child was only two 
years old) with sixty-four per cent of polymorphonuclear cells. 
The pus from the bone cavity showed no pyogenic organisms 
on culture. Ordinary septic osteomyelitis gives very different 
results (seepage 234). Dane's cases were almost exclusively 
hip and spinal affections. 

The following cases from the Massachusetts Hospital records 
illustrate tuberculosis of other bones : 



Cue. 


Diagnosis. 


Red cells. 


White 
cells. 


Percent 
haemo- 
globin. 


1 
2 
8 


Tuberculosis of the knee joint 

MM U 

Metatarsal tuberculosis 


6,472,000 
2,704,000 
4,650.000 
5,016,000 


9.400 
8.000 
6,500 
5,800 


68 

? 
61 


4 


Tubercular rib 


78 









in. ACUTE MILIARY TUBERCULOSIS. 

Probably there are no important changes in the red cells or 
haemoglobin. The nnmber of cases on record is too small to 
enable me to speak positively on this point, but the acuteuess of 
the disease wonld lead ns to expect the normal or approximately 
normal conditions recorded in the few published cases. 

About the leucocytes we know more. 
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Quantitative CJianges. 

Normal or subnormal counts are the rule. When occasion- 
ally there occurs a leucocjtosis it may be inferred that the 
miliary process accompanies a suppurative one, and that the 
latter and not the former is resx)onsible for the increased number. 

Warthin* reports a case with autopsy in which he made over 
thirty counts of the white corpuscles, verifying the more re- 
markable results by repetition. Autopsy showed, besides mil- 
iary tuberculosis, a cavity in the lower lobe of the right lung 
and a suppurating focus about the seminal vesicles containing 
four ounces of pus rich in tubercle bacilli. Whether pyogenic 
organisms were also present is not stated. The leucocyte 
counts were as follows : 



Day. 


Hour. 


Leuco- 
cytes. 


Bemarks. 


December 6th 


10 A.M. 


8,500 




12th 


8 a.m. 


5,000 




18th 


5 p.m. 


3,500 




22d 


10 a.m. 


5.626 




22(1 


11 :30 a.m. 


4,725 




22d 


3 p.m. 


5.000 




22d 


5 P.M. 


3.125 




24th 


8:80 a.m. 


8,750 




24th 


11:30 a.m. 


3,750 




24th 


2 p.m. 


2,500 




24th 


4: 30 P.M. 


3,500 




« . 2,5th 


8 a.m. 


1,875 


[80 per cent 


28th 


5:80 p.m. 


8,750 


Bed cellR, 4,125,000; h»raoglobin. 


29th 


10 a.m. 


1,250 




29th 


2 p.m. 


1,250 




29th 


5:30 p.m. 


8,750 




3l8t 


12 m. 


1,250 




Stst 


6 p.m. 


2,500 




January 2d 


11 A.M. 


1,250 




2d 


5 P. M. 


2,500 




3d 


2:30 P.M. 


600 


Severe chilL Count repeated several 

times. 


5t]i 


8:30 a.m. 


3,750 




5th 


11 A.M. 


3,137 




5th 


4 p.m. 


8,125 


Moribund. 


6th 


9 A.M. 


10.000 




6th 


10 A.M. 


5,625 




6th 


11 A.M. 


2,500 




6th 


12 m. 


5, 625 




6th 


12:50 P.M. 


Death. 





Medical News. 1895. 
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In another case he fouDcl also a subnormal count. Kieder 
found norma) counts in two cases. Von Limbeck states that 
the leucocytes are normal, but gives no counts. 

The following cases from the Massachusetts Hospital records 
illustrate these points : 



Acute Miliary Tuberculosis. 



Age. I Sex. ' Red cells. 



28 



52 
18 



20 F. 



36 
30 

45 
22 



M. 1 2.448,000 




F. 
M. 



40 M. 

14 F. 
51 M. 



23 


M. 


18 


F. 


29 


M 


12 


F. 


19 


F. 


37 


F. 



3.720,000 
4. 664. 000 



M. 

M. 

M. 
M. 



5. 237, 000 



550 
1.200 
1.100 



1,300 



3,500 
3.600 
3,750 
4.400 
4.800 
4.900 
5.400 
7,400 
5,600 
6.100 
6.600 
7.500 
7,800 
7,200 
7.600 
9,250 
9.450 
10.000 
12,700 



90 

I • • 4 

45 

I • • • 

80 

> • • < 

64 

> • ■ • 

71 



Remarks. 



March 8th. 

March 11th. 

March 11th, gave protonuclein gr. 
XV. t. i.d. 

March 13th, differential count (see 
below). 

March 14th, glands rapidly dimin- 
ishing. 

March 18th. died. Autopsy. 

Autopsy. 

Autopsy. 

Autopsy. 

Autopsy. Chronic phthisis also. 

Autopsy. Differential count normal 

September 21st. 

September 24th. no serum reaction. 

Autopsy. No serum reaction. 

Autopsy. 

Autopsy. 

Autopsy. 

May 14th. 

May 22d. Autopsy. 

Healed phthisis also. Autopsy. 

April 18th. 

April 20th. Autopsy. 

Autopsy. 

Phthisis also. Autopsy. 



Case I. of the above table is a striking example of the re- 
markably low leucocyte count sometimes seen in this disease. 
The counts were carefully verified by several competent ob- 
servers. The differential count made on the 13th showed : 

Polymorphonuclear neutrophiles 78 per cent. 

Lymphocytes (small) 12 " 

Lymphocytes (large) 9 ** 

EoBinophiles 1 ** 
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Qualitative Cluxyiges. 

In Warthin's case above quoted, he repeatedly made diflFer- 
ential counts of the leucocytes by Ehrlich's methods with this 
average result: 

Percent. 

Polymorphcmuclear Deutrophiles 91.49 

Lymphocytes (small) 5.52 

Lymphocytes (large and transitional) 8.09 

Eosinophiles 0. 

Myelocytes. 2 



IV. TUBERCULOSIS OF SEROUS MEMBRANK 
1. TUBEBCUIAR PERITONrnS. 

The blood condition is exactly as in other forms of tubercu- 
losis, except in so far as it is modilGied by the drain exerted on 
the blood by diarrhoea or by transudation or exudation into the 
peritoneal cavity. Such events concentrate the blood by with- 
drawing water and albumin from it and may give us a normal 
number of red cells per cubic millimetre, when in reality a con- 
siderable anaemia is present. As a rule, the blood shows a mild 
secondary anaemia without leucocytosis or with leucopenia. 
This is exemplified in the following tables from the Massa- 
chusetts Hospital records : 



Age. 

26 
38 
24 

25 
21 
27 

43 

80 
20 
44 
16 
83 
50 
87 









1 

Per cent ' 


Sex. 


Re<l cells. 


White cells. 


hsBnio- ' 
globio. 


F. 


3,120.000 


2.240 


58 


F. 


2. 900, 000 


3,800 


48 


M. 


5.360.000 


3,800 






5.760,000 


5.600 


85 


F. 




3,900 




M. 




4,400 




M. 




4,900 
5,500 


64 


M. 




5,000 






4, 560, bob 


3,250 


76 


F. 




5, 183 


• • • ■ • • 


F. 


5.'936, bbb 


5,400 




M. 


2.974,000 


5, 530 




F. 


3, 840, 000 


6,000 


56 


F. 


4,000,000 


6,000 




F. 


5,240,000 


6.400 




M. 




6.700 





Remarks. 



January 6th. 1896. 
April 13th. 1896. 
Tubercular tube. 

March Ist. 
March 9th. 
December 18th. 1895. 
Jauuary 10th, 1896. 
Tubercular tube. 

Pleuritic effusion alsa 



May 22d. 1896. 
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Per cent 




Akc. 


84tZ. 


RttdceUs. 


Wbite cells. 


hsmo- 
globin. 


Remarks. 








7.000 




May 30th, 1896. 


30 


M. 


5.560.000 


6,800 






44 


F. 




7,000 


73 




26 


M. 


4,868."obb 


7,400 


45 




17 


M. 


4.904,000 


8,000 


75 




82 


F. 




8,200 






20 


F. 


4.2ob',*obb 


8.500 


58 


Tubercular tube. 


2» 


F. 


3.400.000 


8.600 


80 




50 


F. 


4.600.000 


10,000 


50 




41 


M. 


5,200.000 


10,000 




t 


88 


F. 


4.816,000 


11.200 






21 


F. 


3.555,000 


11,500 


65 




27 


F. 




16.900 
18. 800 


76 


Pelvic abscess also. 



I know of no dififerential counts of leucocytes in tul^ercular 
X>eritonitis. Presumably the sluggish metabolism of the cells 
found in other forms of pure tuberculosis exists here and causes 
an excess of the mononuclear elements. 



2. Tubercular MENiNoms. 

Remarkably few counts are on record so far as I can ascer- 
tain. Yon Limbeck gives but a single case (with autopsy). 
Four counts, the last on the day of death, showed the follow- 
ing: 



May22d. 1889 
" 28d, 1889 
" 24th. 1889 
- 26th, 1889 



Leucocytes 8,000 

8.000 

6.000 

7,500 



Rieder records two cases, in one of which the leucocytes were 
"normal or subnormal; in the other increased." In both diag- 
nosis was confirmed by autoj)sy. The counts in these cases 
were as follows : 

Case L— February 26th, 1891 : Leucocytes 7,800 

March 2d. 1891 : Leucocytes 5.900 

Case IL— May 80th. 1891 : Leucocytes 14.400 

Pick* saw two cases : 

Case L— February 28th, 1890 : Leucocytes 6.500 

Bfarch 6th, 1890 : Leucocyte« 8.000 

In the second ease there was also no leucocytosis. Autopsy in 
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bnth. Soreiiseii's ' two cases ebowed r*'si)ertiveh- 8,SX) aiu) 9 
ItiQcoc^tes. My own results id seven cases are as foUowH: ] 



TUBKRCULAa Mkkinoitis. 



1.5(M).00(} 



M.XOO 
a3.W)0 



83.800 
2T.8W 
38,600 

in,.v» 

21. MH) 
19, HOI) 
31,. WO 
14.700 
U.-IOV 
10.400 
18.3U0 
19.SD0 
8,000 
«,600 



July Hlh. 

July Otii. Auuipoj. 

Ma^ ttoth, 

June 4th. TuberciiUr iwrit^- 

Dltis oIhu. 
June 8th. 
Junr lOtK 
June 13th, 
June 14lh, 
June Iflth. 
June leth. 
Aiilops^r. 
Pleuris:r <U«)> 
JftDuary SSth. 
Jaouvy 80ih- 
Fetiruwy 3d. 
Fehruwy Bih. 
Autopsi'. 
Autopsy. 



Autopaf. ^^ 



TlieB(> arc, so far as I ouu aBcPrtain, tlict only casen of uocotn- 
pli('at(!<l tiil)erciilar meuiu^itiR witli autoiisy in which bUxid ex- 
atuiiiHtiouK nre ruconlwl ami iu all Init one of tltrae uotliitijjc is 
saiil aliont reil cells or bH'iQf^loljiu. Rotrli mentioim a dioicle 
case com {ili rated b^- an ap)>eti<licitiH in which the foUawiDft ooimt 
IB recorded (girl of eleven years): 

Red cella 6,90B,1SO ^^H 

White cells 8T.S0B ^^H 

Hwrnoglobin (per cent). M ^^^^| 

Wliether the leucoc-ytosis wan due wholly to the appendicitis 
or not we cannot tell. 

I have exumiued no other cases of uncomplicated tubercular 
meuiDKitlK in which aut<jpHy confirmed the diiH^nosis. Id two 
casen in which tiiniaiilij the dia^osis was tubercular meiuniptui 
Ifonnd moderate leucocytosia, in oue with niDety-one per cent < 
polymurifhoDiiclear cells. Two of the cases of miliary tubercn- - 
, losis above mentioneil had niarketl meningeal symptonui awl ^ 
' Cited I'T Rieder. 
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I 
I 



ty of tubercles in tLe mfiumj;es, but lieing a geiiet-ai aud nut 
s ImNil proeeas no coucluaiims aa to tbe blood of tubercular 
meuln^'itiH can be drawn from the abat^uce of leuoocytosia m 
tbeae caaee. 

On the whole, it seems that pure tubercular meniogitia 
differa markedly from other pure tubercular iiroceeses, in that 
it has iu most cases a strong tendency to raise the leucocyte 
count. Osier's results point to the same conclusion. ' Zieroke ' 
has recently reywrted a ca«6 with 17,.'i()() leucocytes [ler cubic 
millimetre. The red cells and htemoglobin show probably the 
same changes aa in other forma of tul)erculosis. 

3. Tubercular pERicutDms. 

In one case in which tnltercle bacilli were reyieatedly demon- 
strated in the fluid obtained by tapjiing the i)ericardial sac I 
found no leucocytosis. I have not met with any other reports 
on the blood in this condition. 



4. TuBEitcniAit Pledkisy. 

Kg doubt a large proportion of all pleuritic effusions are 
tubercular in origin, but, ao far as I have seen, no counts are re- 
conied in cases proved by culture or inoculation to be tuber- 
cular. The low leucocyte counts in most pleurisies (see above, 
page 211) tend to show that they are tubercular and not due to 
pyogenic organisms. 

Pick mentions that he finds no leucocytosis in tulierculoua 
pleurisy when uncomplicated by phthisis, but reports no actual 
counts. 

5. Glasduiab Tuberculosis. 

In cAsea of so-calletl scrofidous glands, whether in children 
or adults, the blood shows no important changes except that in 
children the hiemoglobin may be considerably diminished. 
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:;o. 


Alt' 


Bei. 


«-l>lw.orll» 


JZS^ 




30 

7 


F. 
H. 

F. 


S.0OO 
10,900 
11,000 




3 


65 











Leucocytosia is abseut unleBs an AbsceHs has been oi>eDed 
auil infected. Whether or not tnberculoHis of the nlKlomiiuU or 
other iutemal lymph glands affects the blooil, I am unabla *H 



G. OENrro-ITBDiARy Tubercclosis. ^H 

Here tlie opportunities for a secondary pyogenic iufectioD 
are bo good that in well-marked oases ire ^d the Uinm] tif 
seiitictemia present. The following cases, all involv-iug the 
bladder, kidney, and the external genitals, illustrate this poiuk: 



».. 


«.. 


SrI. 


RalndlB. 


WUwcellK 


IVrn-ni 




80 
41 

89 
SS 

a 

8t 
SI 

a 


M. 
F. 

F. 
F. 
F. 
H. 
F. 
H. 


a.7B6,000 


U.4a8 
10.400 
H.«3 
10.300 
8.800 
8,400 
7.(100 
6.000 
7.000 

e.7oe 

8.300 


44 

•i 

70 ^1 


















Decrial-t-r 18th. 






Decemhrr SSUi. 



SYPHILIS, 

Beiss, in an article in the Aichivf. Denitalulogie und SyphUis. 
1895, Heft 1, HtLVH that the general constitutional influence of ths 
poison of syphilis is best indicated by the condition oi the 
blood. In one hundred cases he has arrived at the foUowing 
conclusions regarding the 



Sed Ceils ami Umnfiglobin. 

During the time between the chancre and the secondary syi 

toms, the red cells are slightly decreased, but this is ranch more 
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miirked after the appearaoce of secontlnry symptoms and coD- 
tiuue.s for a time even after trejitment lias begun. The hsemo- 
gloViin sinks steadily from the time of the primary lesion on, 
bat is not especially affected by the ernption. Even under 
treatment the hiemoRlobin never jjets qtiite up to normal and pro- 
longe^l mercurial treatment lowers it. although mercury has at 
first a beneficial effect on the hiemoglobin as well as on the other 
constituents of the blood. 

Konried ' goes further into detail. According to him, in the 
first four to aeveu weeks after infection, tlie number of red cells 
remains normal, but the hemoglobin begins to fidl off, losing 
from ten to twenty per cent in that time. Aftem'arda it sinks 
steadily onitl treatment is begun, the number of corpuscles also 
felling slightly. 

Newmanu and Konried,* reporting in 1R93 on two hundred 
uses, say that up to the time of the secondary symptoms from 
hrenty-five to thirty per cent of hiemoglobin is generally lost, 
Vritliout uinch change in the red cells, which sink considerably in 
itnml)er after the outbreak of secondary lesions. Lezius' like- 
wise tinds no dimiuutiim in the mimiier of red cells until the out- 
beak of secondary lesions. 

All these changes, like those about to be described, are apt 
to be more marked in women tliau in men. In cases going ou 
llo the secondary stage untreated, the hsemoglobin may sink to 
)W as twenty-five per cent. In tlie tertiary stages and in 
liereditary and so-called "constitutional syphilis" the red cor- 
pnaclea are much more seriously affected, diminishing con- 
siderftbly in numlier as well as in weight and color. The 
hereditary syphilis of infancy may indeed produce fatal 
amemia and very low counts are common, with large num- 
bers of nucleated red cells and great deformities in Bha{>e 
Imd size. 

The effect of mercurial treatments on the red cells is interest- 
ling. Gaillard' found that the count of red cells increased dur- 
ing the first fourteen days and the liajmoglobin during the first 
twenty-four days of treatment. After that time, if mercury waa 

' IntFrnationul DMmalolngipiil < (increBa. iaU3. 
'Wit^n^rklii. W<H>h.. 1HII3. N». II). 
'InauK. DlsBcrt. Dcirpai, 1W9. 
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still niveD. tlie luemoglobin aiitl later tlip uunil»r of corpoi 
begau to ilecliue. 

Kooried (he. cit. ) found the luemo^lobiii to rise dariiiK tlie 
ndiuiui strati oQ nf tlie first t^'euty-five to thirt.v-Sve iunncti'Uis, 
after wbicli it bei^an to ^o down. This wax iu casen iu irhirfa 
truatment was begun jiiat after the onset nf secondary s.vin|>tniuH. 
In the woi-st cases it sank even as low as forty -five per wiit He- 
Bpite treatment, and thin nstiall.r means a liad pr(^!nt>si)< and 
severe t^>Ttiary symptoms to come. In one of my own rAnra tlio 
haemoglobin was only thirty-seven per cent, though the red eella 
were 4.988,000 (color index. .37). 

PutaHsic iiHlide iucrea:iea the red v»]ln and biemt^Iobin, Imt 
hiis no speciiLl effect on the leucocytes. 

Cases ofttiu show spontaneous improvement in their auwaiis 
as well as iu other symptoms. 

Justus' iu three hundred cases claims to hare obeerrwl s 
peculiar reaction of the hremoglobiu iu syphilis, which d<iM 
not occur in any other disease, and which he considers of uoeh 
diagnostic value. 

According to him, if in cases in which secondary symptomi 
have not yet appeared, we test the hiemoglohiu and tlien give an 
iuunotion or a snlx-utAueous injection of mercur.v, we find tliat 
within twenty-four liours a very marked fall in biemi^lobin baa 
taken place (ten to twenty per cent), owing to the action of tJM 
mercury on the weakened corpuscles. This sudden fall is fol- 
lowed by a gradual rise until within a few days the oolortng 
matter is at a point slightly higher than before the mercury w*b 
given. Iu diseases other than syphilis this sndden drop does 
not occur. After the advent of secondary symptoms the pecu- 
liar reaction to mercury does not occur. 

No evidence for or against this obsenation has as yet been 
brought forward by others. In view of the large unmlwr of ) 
cases in which Justus has tried the esjjeriment it is certsiuly an j 
interesting olwervatiou and deserves to Ite followed up. If tnw, , 
it might give valuable assistance iu the diagnosis of doubtfo) J 
cases Itefore the ap|)earance of the " secondaries. " 

White CeJU. 
1. Here the changes are very characteristic. In the fint^ 
stage the leucocytes are either normal or slightly increaned, bot^ 
' Verhanrll. d 5. Cnng. d. Dvut. dermaioloK OMelUchaft. 8>fMntb«v. ^ 
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the percentage of polymorphonuclear forms is almost always 
uotably low, and that of the lymphocytes high. If mercury is 
given at this stage, the polymori)honuclear forms begin to in- 
crease toward normal and the lymphocytes proportionately to 
decrease. [Mercury given to healthy i^ersous has junt the op- 
|)osite effect, increasing the lymphocytes at the expense of the 
l>olymorphonuclear forms.] Iodide of potash works exjictly 
like mercury in this respect, increasing the polymorphonuclear 
leucocytes in syphilis, while it diminishes them iu healthy 
persons. 

2. As the eruption breaks out leucocytosis (12,750 and 1(>,H()0 
in two of my cases) generally appears, the i)r()p()rti()u of lym- 
phocytes and of eosinophiles usually being increased. Eugel 
descrites a syphilitic child iu whom the percentage of polymor- 
phonuclear cells steadily rose as the child got worse. In such 
cases Engel considers these cells to ]^e of prognostic importance. 
P. K. Brown has made a similar observation in boue tuber- 
culosis. Treatment with mercury and i)otJi8sium iodide teuds 
to bring down the count of lymphocytes, while it raises the 
count of red cells ; and among the white cells to increase the 
polymorphonuclear forms. 

In the tertiary stages, with the severe anaemia which is often 
present, there occur occasionally leucocytosis, not uncommonly 
with small percentages of myelocytes, and a marked lymphocy- 
tosis. Miiller' has described four cases of antemia in s^'philis so 
severe as to simulate x)emicious anaemia very closel3\ In one 
the red cells sank to 720,000. Laache' mentions a similar case. 

There are no constant changes in the blood plates. Si>ecifio 
gravity follows pretty closely the haemoglobin percentage. 

Diagnostic Value. 

Justus' reaction of syphilitic blood to mercury, if true, might 
be of great value in distinguishing early syphilis from various 
Dther causes of debility. 

The occurrence in adults of leucocytosis with increase<l j)er- 
centages of lymphocytes and of eosinophiles, is very suggestive 
of syphilis as against tuberculosis, tyj>hoid or malignant dis- 
ease. In children, rickets and other diseases may give similar 

* Charit^-Annatoii, vol. xiv. *Loc. cit. 
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blood clumges. The fhief valup of the blwHl examinatimi, ItOWi> 
ever, in syphilis is uot for iUiij;m)ain but aw a mpjisare of the 
Hta^e aud spverity of tlift iiiffcticm. Low h»;iu<i^li)1)iii iidiI hi(;h 
I>erceii tallies of tlie IvmphocyteH avp characteristic of aown* 
tyiKut. Leucoi^vtosis usiudly uieatut that the uise hiut ^ot li^ 
youti the primiiry sta^i^, while iu the tertiary Hta^e tho |in'HCDrr> 
of myelocyt(>a witli a marked uiiii>mia is of serionit iniixirt. 

Certain citiseH of thi» laut type luay closely re«einlilf ]>i>i^ 
nioiotiH BUipmiu, from which, however, they are t»i be distin- 
guished b>' their low color iudex. the fre<iueut preaeuce of l«i- 
cocytoaiB, and the relative infretiiiency of me>;alobhutH u 
compared with the uormoblatttM, iu casti nucleated reil ot-llx ar« 
preneut. 

l.Kl'UOSV, 

WimilTHki (Peh-r»h<in,,:r ,„<<lk-U>kvhf WiK-hm-rln-ifl . 1892, 
paye 365) gives a careful study of aeveuteeu casea of leprosy, 
and P. K. Brown ' haa watched sixteeu cases. Tin'y fitid in 
younK jjersoua with mild cases no cliauges from the normal 

hhK>d. 

In severe cases, especially in old people, the aniemis may Im 
severe (2, '21)0,000 rwl cells with fifty-four per cent n( hii>ni'i|ilo> 
bin) and even comi>arable to pernicious amemia (1,98!),IILN) r«d 
cells with aixty-tliree i»er ceut of hicmoglobiu). In aiuumiti 
caaes the color index is apt to !» high, in one caae 1.7 (.\). 
Such severe types are asntx'iattMl with an iucreaneuf the average 
diameter of the re»l cells which explains the hi^h color index. 
The ha^muglubiu was imt relatively low iu any cose. ^^ 

Lencofi/kn. ^^H 

A'o mcrcaae Itfos present iti atii/ rote. Four caseft wen Mllv 
normal. The percentage of lymph(N-ytes. as iti nth<>r debilitated . 
conditions, ia often high (forty-five to forty-seven per cent). 



Iitu-ii-ri<.h>ijii .;/■ the lihwd. 



i 



Brown has succee^led iu deiuunstrnting the lepHsy iMcilli 
in the blood of one-half of his eases. The liai-illi ap|iear for iIk^ 

' San Fr&Dcisco County Medical Socifiy. Jalj 13tli. 1W7. 
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most part witliin the leucocytes, and here they accumulate in 
large numbers. It is especially in the tubercular form of the 
disease that Brown has found fchem. He was unable to cultivate 
the bacillus. 

Streker ' has likewise found the bacillus in the blood of four 
cases. 

•Munch, ined. Woch., 1897, Nos. 39, 40. 
18 



PAKT TV. 

DISBABES OF 8PSCIAL ORGANS. 



CHAPTER Vn. 
DISEASES OF TUE DIGESTIVE APPARATtS- 

1. Month. 
lu a case of thrush compUcatluK ehmnic nepbritiM Um 

following couuts were recently ret-orded at the Matwachaaetts 
Hospital: October 16tli— lied cells. 5,000.(XH1: wliit«i caiU, 
lf>,200 ; haemo)jlobiQ. 52 |)er cout. October *24th — White 
13,800; liaimogliibiu, 55 j>er cout. 

2. (Esophagus (see Malignant Disease, page 34d). 

3. Stomach. 
The conditions existing in the stomach may influence 

blood profoundly in tliree ways : 

(") Tliey may be such as to prevent the normal absori>tioD 
nitrogenous material on which the blood, like all tissues, is 
solutely dei>eudent. Then the blood becomes starved. Xb^^"***! 
extreme of this condition is the so-called "atrophy of tb^v^ 
gastric tubules" which may produce a fatal antemia. In let 
d^rees the same process is at work in many fortos of ohrc 
dyspepsia, gastritis, or chronic starvation. 

(6) They may leot^l to severe and repeated hemorrbageo. 

(c) They may lea<l to an autr)-intoxicutioD which poiaoDS 
blood as well as other tissues. 

On the other hand, it is probably through the influence n( 
altered blotxl serum on the duodenal mucous membranes 
ulcer of the duodennm is a seciuel to severe bums of the bi 
of the Ix)dy. 

For nn account of the influence on the blood of digeetii 
ingestion of liquid, and stanation, see page '''J. 




ASTRlr VLCEB. 



DISEASES OF THE STOMACH. 
ANOREXIA NERVOSA. 

From pure stanatiou the red cells lua.v yet as low as 900,000 
aa in the case mentioned by Martiu. lu the early stages the 
bhHxl is normal. A recent hi>sg)ital case showed ti,900 leucocytes 
with 87 per cent of luBmogloliiD. 



r 



OASTHIC CANCER. 



{See Malignant Disease, {Mige 333.) 
GASTRIC ULCER. 



Bed Celh and Hiifnoglobin. 



A severe ansemia is common. Out of the 28 cases in Table 
XXV., 13, or nearly one-half, had less than 50 per cent of haemo- 
globin, and of the 21 in which the red cells were counted, 5 liad 
under 3,000,000 red cells per cubic millimetre. The average 
count of red cells at the time when treatment began was 3,800,- 
000. There is no single disease, so far as I am aware, in which 
the red cells are so apt to 1)6 bo low, except pernicious ansp- 
mia. Even cancer, as a rule, does not fall ho low. This is due 
mostly, I think, to the frequency of hemiirrhagi' from the nicer; 
it is uncommon to see marked auiemia in .{latieuts who had 
never had ii hemurrhaBe. 

This auiemia is all the more striking when we remember that 
the frwiuent vomiting from which most patients suffer tends to 
ooDcentrate the blood. !iHi'enne the number of celk iu a di-op and 
BO to make the Itlood seem less nnipraic than it really is. This 
tendency to concentration is pi"obably effective in some of the 
coHes olieerved eajjecially by Opfjenheimer, ' iu which de- 
spite great pallor he foimd normal counts of red cells and 
hfemi>globin. 

It ii in such casee that the utimatioD of the dry residue of the 
blood wrum would be of real value could it be made short aiid eiiuple 
«QOUgb for clinical work. Grawitz, who ib the prophet of this branch of 
blood eiariiiDalioD. gives an iDlerestiiiK case illuBtrating lhi» point. 

A girl of tweolj-flve, suffering with peptic ulcer, and exceeding]; 

' Deui. med. Woch., 1889, No. 48. 
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pale, showed on counting the corpuscles 4,140.000 per cubic millimetre (no 
considerable reduction), and ninety per cent of hsemoglobin. A second 
count showed 4, 340, 000 corpuscles and ninety-one per cent of haemoglobin. 
But the dry residue of the serum was reduced to three-fourths its normal 
amount. The serum suffers in ansemia as much as the corpuscles do. 
Any influence which deprived the serum of one-fourth of its normal solids 
(oedema being absent) must have really affected the corpuscles very mucli. 
Therefore the corpuscles must actually have been reduced to ahout 8, 800, 000, 
the reduction being masked by the concentration of thfe blood from vomit- 
ing. Lymph cannot have run into the vessels and diluted the serum, for 
(owing to the vomiting) the tide is all the other way. If then the serum is 
reduced a quarter the corpuscles must be so like w ise. Unfortunately, to test 
the dry residue of the blood serum requires more time, skill, and apparatus 
than clinicians are apt to have. It is valuable whenever we wish to kuow 
whether or not an anaemia is being masked by concentration of the blood. 

In severe cases tlie usual qualiiative evidences of secondary 
anaemia (deformities, scanty normoblasts) are to be found. 

Tablk XXV.. A.— (tastric Ulcer with Hemorrhaqe. 



Age. 


Sex. 


Red cells. 


White 
cells. 

6.000 


Per cent 
heemo- 
Klobin. 


RemarkR. 


23 F. 


1.672.000 


40 


One pint of blood vomited ou pre- 










vious day ; bloo(i in stools ; re- 


i 
1 








covery. 


29 ! F. 


1,676,000 


14, 750 


36 


Large hemorrhage ; recovery. 


25 ! F. 


1,750,000 


4, (MM) 


• • ■ 


Recovery. 


24 1 F. 


1,892, (MM) 


7, (MM) 


30 


January 16th, after hemorrhage. 




2.304,0(M) 


• a • • 


27 


January 22d. 




8. 064. 0(M) 


3, 500 


35 


January' 31st. 




3,920,(MH) 


• ■ • 


48 


February lOth. 




4, 6?<0, 000 


■ ■ ■ t 


55 
63 
67 


February 20th. 
February 28th. 
March 5th. 


29 F. 


1,972,000 


4,000 


38 


Recovery. 


52 


F. 


2,031,0(M> 


17.2(M) 


30 


Hemorrhage and perforation. 


42 


F. 


2,216.000 


13.500 


32 




26 


F. 


2, 968. 000 


5,300 


45 


November 9th. exclusive rectal feed- 
ing till 17th. 






2, 788. (M)0 


• • ■ • 


30 
34 


November 16th. 
November 2l8t. 




2,296.000 


• ■ • - 


34 


November 29th. 




3,208.0(K) 


• • • • 


40 


December 3d. 


30 ! F. 


3.432.(M)0 


7.820 


45 


Hemorrhage previous day. 




4, 222, (MM) 


10,600 


75 


Two weeks later. 


t 


4, 392. 0(M) 


6,700 


70 


Three weeks later. 


25 


F. 


3,664,000 


14. 7(M) 


45 




48 


F. 


4, 900. 000 


6.200 


40 





GASTRIC ULCER. 
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Table XXV., B.— Gastric Ulcer without Hemorrhage. 



Age. 


Sex. 


Red cells. 


White cells. 


Per cent 
licemoglobln. 


19 
21 
40 
89 


F. 
F. 
F. 
F. 
F. 
F. 
F. 
F. 
F. 

F. 
F. 
F. 
F. 


5,856,000 
S, 100, 000 
4.400,000 


10, 650 

'9,060 
11,100 
9,300 
8,300 
6,800 
6, 550 
6,500 

6,300 
5,800 
5,600 
4.300 


90 
70 
53 
68 


23 




90 


22 
30 
26 
35 




75 

70 

85 

50 April 27th. 

45 June 6th. 

57 

60 

68 

57 


47 
38 
19 
20 













Hcmioglobin. 

As a rale the color index is low. Only one examination in 
the cases of the Massachusetts Hospital series showed an in- 
creased amount of haemoglobin x)er corpuscle, and as this was 
not rei)eated or verified, it may have been a mistake. In all the 
other thirty examinations the color index was low (e.gr., Case 5, 
color index = .39). 

Tet Ostersi)ey records 1,900,000 red cells with 31 per cent 
of haemoglobin (color index = .81) ; 3,296,000 with 70 per cent 
haemoglobin (color index = 1.09); 4,048,000 with 84 per cent 
haemoglobin (color index = 1.05). Such cases are certainly 
rare. 



White Celle. 

Leucocytosis is practically never seen except after hemor- 
rhage and during digestion. When patients who have been fed 
for some time by the rectum are first given food by the mouth, 
the digestion leucocytosis may be very great, as in Case 11 of the 
above series, in which the cells increased from 4,000 to 15,500! 
The presence of a leucocytosis, when the influence of bleeding 
and digestion are excluded, is against the diagnosis of ulcer of 
the stomach. 
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Duodenal Ulcer. 



■ 


Age. 


A 

M. 
M. 


Bed cells. 


White 
cells. 


Per cent 

heemo- 

globin. 


Remarks. 


1 

2 


30 
47 


3,776,000 
2,100.000 

2,480,000 
2,680,000 


Normal 

12,000 

7,650 

11,600 

11,000 

6,000 

6.500 


50 
85 

'**38'" 
86 


July 24th, much cofifeQ ^roi^ds. 
July 20th (five days fasting). 
Four hours after meals. 
Constant feeding, July 30th. 
August 8tb. 
August 21st, operation. 



These figures are given simply to show that the blood in 
duodenal ulcer undergoes much the same changes as in gastric 
ulcer, and need no further comment. 



ACUTE GASTRITIS AND DYSPEPSIA. 

Acute gastritis or gastro-enteric attacks (Hayem's * embarras 
gastrique") do not affect the red cells or hsemoglobin, but are 
very often accompanied by leucocytosis (see Tables XXVI., A 

Table XXVI., A.— Acute G astro-Enteritis. 



Age. 


Sex. 


31 


M. 


8 


F. 


50 


F. 


13 


F. 


28 


M. 


30 


F. 


20 


M. 


86 


F. 


23 


F. 


17 


F. 


29 


F. 


70 


F. 


87 


M. 


28 


M. 


28 


F. 


57 


F. 


23 


F. 


82 


F. 



Red cells. 



7,000,000 
4,800,000 

5, 184. bob 



4,860.000 

6,'244",bbbi 
4. 600, 000 

i'esi'obb 

4.186.000 

8. 860, bbb 

5.V44',*0bb 




18,000 

17.800 

15.100 

15,000 

14,400 

12.800 

9.100 

14.200 

12,000 

11,600 

11,600 

11,000 

11.000 

10,000 

9,200 

6.900 

6.400 

6,000 

5,400 

5,200 



Remarks. 



Temperature 104". Well next day. 
Temperature 101". 

Well next day. 

September 17th, temperature 103**. 

September 18th. 

September 21 st, temperature narmaL 

Well in three days. 



Well in two days. 
Temperature 101*. 

Temperature 102^ 
Temperature lOl". 
Temperature 100*. 



CHRONIC GASTRITIS. 
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and (B). Where this is the case, it may help us to exclude 
tj'phoid fever, which has no leucocytosis. Even a twenty-four 
hours' dyspeptic attack may increase the leucocytes notably, as in 
Cases 1 and 2 in Table XXVI., A, and the presence of such an in- 
crease need not make us suspect anything behind the dyspepsia. 
It is probably to be classed as a toxic leucocytosis due to ab- 
sorption of morbid products from stomach or intestine. Fibrin 
may be increased during the period of leucocytosj^s. 

Table XXVI., B— Dyspepsia and GASTBms. 



£ 



3 

4 

5! 
6 



8 

9 

10 
11 



Age. 



24 



27 

26 
23 



87 
30 

41 

40 

18 
60 



M 



M. 



F. 

F. 
M. 



M. 

F. 

M. 

F. 
F. 
M. 



Redoella 



6.280,000 

4.750.000 
4.920.000 



5.016,000 
3, 678! 666 

4,524.000 

4,200.000 
5.016,000 
3.504,000 



White 
cells. 



22.700 

12,800 
14,000 

11.000 

11,000 

8.924 

7.326 

7,000 

6,000 

4,000 
3,200 
2,800 



Percent 
hflBmo- 
globio. 



74 
55 



86 

77 
75 

68 

80 
45 
50 



Remarks. 



Gastralgia ; constipation ; whole 

belly tender. 
Three days later; well in a week. 
At mealtime, 11.200; four hours 

later, 12,150. 
Dyspepsia. 
Acute gastritis. 

Chronic gastric catarrh. 
Nervouf^ dyspepsia, 
f Before meal, November 1st, 
I 6.000; November 2d, 6,300. 
I After meal, November 1st, 
I 6.800; November 2d, 7,400. 
Chronic gastritis. 
Dyspepsia. 
Chronic gastritis. 



CHRONIC GASTRITIS. 

(See Cases 6, 9, and 11, Table XXVI., B.) 

Here the conditions are different and we never find an in- 
crease of the white cells, but often a decrease due to malnutri- 
tion. Digestion may produce no leucocytosis, or the increase 
may be very slight and late in appearing (four to five hours after 
a meal instead of two to three hours). It wba present in nine 
out of twelve cases in our series. 

Anaemia is very often present and may be extreme. It is be- 
lieved by very high authorities that a pernicious anaemia may be 
caused by chronic gastritis with atrophy of the gastric tubules. 
The writer has never had the good fortune to see such cases. 
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The practical i)oints about the blood of chronic gastritis are: 

(a) The not infrequently severe anaemia. 

(6) The not infrequent absence of digestion leucocjtosis as in 
gastric cancer, from which therefore the absence of digestion leu- 
cocytosis does not distinguish it. 

The presence of a leucocytosis militates against the diagno- 
sis of chronic gastric catarrh, and, if hemorrhage is excluded, 
points toward cancer. 

HYPERACIDITY AND HYPERSECRETION. 

The leucocytes average higher in these conditions than in 
chronic gastritis or dyspepsia with normal or decreased secre- 
tions (see Table XXVII.). Otherwise the blood is not re- 
markable. 

Table XXVII.— Hyperactoity and Hypersecretion. 



• 

o 

55 


Age. 


A 

M. 


Red cells. 


White 
cells. 


Per cent 
hsnio- 
globin. 


Remarks. 


1 


Adult. 


5.024,000 


12,300 


82 




2 


30 


F. 


5.768.000 


10,800 


82 


Chronic gastritis. 

Slight digestion leucocytosis : 


8 


40 


M. 


5, 300, 000 


10,000 


85 














12, 270 before meal, 14, 300 three 














hours later. 


4 


40 


M. 


3,340,000 


7,790 


f 


Dilated stomach ; no digestion 
leucocytosis. 


5 


28 


F. 


4.016.000 


5,994 


76 




6 


57 


M. 


4,160,000 


3.600 


34 


Lead poisoning and dilated 
stomach. 



Dilated Stomach. 



o 



1 
2 
3 
4 
5 



Age. 



22 

51 
47 
30 
64 



I 



F. 
M. 
M. 
F. 
M. 



Red cells. 



6.216,000 
4, 184, 000 
4,720.000 
5,000,000 
5,264,000 



White 
cells. 



10.400 
9,600 
8,000 
6,000 
4,600 



Per cent, 
haemo- 
globio. 



83 
55 



75 
70 



Remarks. 



Nervous dyspepsia. 
Movable kidney. 



DILATED STOMACH. 



In many cases proteid absorption is so faulty that the blood 
is severely starved, but the anceinia may be concealed by the con- 



DISEASES OF THE IXTESTINE. Wl 

*tiimHoH of tbe blood Vn'ouj^ht nlnmt by the coustsiiit vniiiitiun 
of large amouuta of flui<l. KuBsmaul Ima shomi that patieuts 
often vnrnit inoi-e jluiJ than theij iDijett, and it is obriouB v'liat 
must 1)6 the clruiu of this process ou the tiiuda of the blood and 
all other tissues. 

Dif^efitioa leucocytosis is ofteu absent, as in cancer or chronic 



diseases of the intestine. 
Influence of Saline Cathartics on the Blood. 



CORROSIVE GASTRITIS. 

The blood was examined in a case of this kind in 1895 at the 
Massachusetts General Hospital with the fnllowiuK leaiilt: Eed 
cells. 3.792,000; white cells, 32,500 ; hwmnglobiu, fifii-thrt-e irer 

[ 

^V Hay ' gives the following figures, showing the efle(;t of sul- 
^^ftte ol sodium in coni'entrating the blood; Healthy man of 
thirtj-tliree, 3;35 p.m. Red corpuscles, 5,0*25,i:i00 ; given 85 
cc. of a conceutrated solution of sulphate of sodium iu water; 
thirtj-fiva minutea later blood count showed red corpuscles, 
6,540,000 ; sixty-five minutes later blood count showed refl cor- 
puscles, 6,71X1,000; four hours later blood count showed red cor- 
puscles, 4,930,000. Evidently much fluid was drawn out of the 
hi o< id- vessels and then within four liours the tissues bad sup- 
plied the loss and the blood had retunied to its normal density. 
Hay also showed that dilute solutions of the same salt had 
fat less effect in conceutrati ug the blood. Farther he demon- 
strated that if the blood is afready coiicentrnfed when the saline 
K given, no purgative effect follows. 
Grawity confirms these results; he fouud also that common 
It still further concentrates the blood fhence its production of 
irst', and roiisiders thiit (as this concentjation accelerates 
€wiiilatt"ii) the lionseliold use of salt water as a remedy to stop 
hemurtbage is well founded. 

'Hay: "Tlie Actimi i>f S«line Catlianics." jouruftl of Aualoiuy and 
Phjriology, I88a. p. 430- 
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Tablb XXVIII.— Emtesitis. Colris. a»d DrsJumRT. 



& 


A|[>^ 


1 


HoloeUa. 


«1U* 


Prr»nl 
Iwno- 
llobb.. 




I 


45 


M- 


3.840.000 


17,000 
U.»00 
7,700 


60 


Chronic djrBenlerv. Augu<it36tlL 
Sept«n)ber 8.1. 

Qlh.dj»eDtery <«•«*. 








































i 






8.624,001 


la.rnio 




Chronic eDlcru-colitla. 


* 


AdiiU. 


M. 


4.820.000 

2,782,000 
4.488.000 


12,400 
10,600 
O.OOO 




UlcfTative coliiiA 
Two weeks later. 
Three weeks Um-; much 0^ 




89 


K 


8,776,000 


8, BOO 


100 


Acute febrile dysetiter; : hloodr 
moveiiieDtB every hour. 




8 


V. 


4.B00,00( 


7.9O0 




DlcemtiTe colitis. 




Adult. 


M 


4.100.00( 


7,560 


72 


Chronic enteritis. 






4,873.00( 






di&rrh(»a and t«tftiiT. 


S 20 


M, 


J5.OO8,00< 


6.460 


89 




I( 


26 


M 


4.ono.oo( 


G.aon 


VO 


Bloody stools ten dftva. 




JO 


F, 




5.300 
5.000 


BO 
87 




IS 


3.W6.00( 


Chronic eoiilis. 




27 


K 


4,5O0,00f 


.%000 


70 


Diarrhoea. 


14| S4 


F. 


«, 980, 000 


4.300 


71 


Chronic colitis. 



ACUTE ENTERITIS. 

Priu.'tically the gr^at majority of cases of acute enteritis a 
part of a gastro-enteric attack, aud iii Table XXVL (st 
278) the two have boeii lumped together. \Vliat was said of tbatf 
table (page 279) ueed not be here re]>eated. Besides the alight ^:Ad 
leucocj'tosis there meDtioned, we may find in cases in which th^»« 
BtooU are very watery, a temporary coDcentration of the b 
with iucreased specific gravity and red corpuscles. 

CHRONIC DIARRHQIA. 

(See Table XXVIH.) 

In acute diarrhcea the other tissues reeposd to meet the 
of fiuid BiLstaiiied bv the blood, and the blooit in soon 
uguin. But when this process goes on long, tfan botl; 
HO wasted that the blood mOHt share iu tlie Btar\~atioD and th 
Albuminoids are draineil out of it, leaviug it watery aiid jxHir m 
corpuscles. A patieut of Orawitz after years of chrouio d>-aeK 




INTESTINAL ()BBTRUC'TION. 28^ 

B^ ha*l but 1,880,000 red cells per t-nVjic millimetre, while the 
lienuo bad twice the normal amuuDt ot water and half the normal 
imoiint of Holids. I have seen the count fall as low as 1.9'2S,00(> 
in a case nf prolou^ied colitis, witJi final recovery. In another 
[■iwe tlie red cells reached no lower than 2,440,000, Imt the 
bieuio^lobiu was but ten i>er cent. A differential count of this 
[0011*8 Vilood showed the following: 

PolyiiiiirphoDUclfar neutTDphilen .... ... 6B.3 per cent. 

Lymp)jocjtt« (sninll) 34.9 

»Lymphooytw (large) 8,0 " 
EoaioophilM , 1.4 " 
MjelocjtCB 1.4 
Wliile counting 400 leucocytes I saw 8 normoblasts and 5 
mfgnlobliLsts. The total leucocyte count was 9,800 jier cubic 
ffiillimetre. 

Cases 1. 3, 4, 12. and 14 of the series in Table XXVIH. 
show similar conditions. The hsemoglobin, however, usually 
saffeni most, and the color index is low. 

Leucwcytosis is rare, but does occasionally occur, possibly 
owing to some complication or auto-iutoxicatinu, 



Table XXIX.— Intbbtinal Obstruction. 



i "•■ 


1 


Brdoelle. 


Willie 

Mlts. 


Per cf ot 
Blubtn. 


Itoin.rk«. 


1 




8,120,000 


30.800 






s ns 


M. 


S. 566.000 


18.860 
18,800 




»th of May. cancer. 
17th of May. cancer. 


1 Adult. 


M 




14,666 














So urine two days. 












One day later, no faces; urine 
drawn bj- catheter. 








4.100 




Tliree dayo Inter, bowels moved 
six times. 












Chronic obetruetion wlOi hemor 
rhase. 


1 31 


























K, 




11,000 


76 




1 Adult 


M 


3,800,0O( 


6.W)0 






1 73 


M 


4.850,00( 


4000 






1( Adult. 


M 


G,300,l)0( 


4.000 






11 • 


M. 


5.M0.W10 


4,000 







Cholera is discussed on page 211. 
^or af^aeruiicitU see Abscess, page 22 




SPECIAL PATHOLOGY OP THE BLOOD 



INTESTINAL OBSTRUCTION, 

Tie only poiut brout^lit out bv Table XSIS. is that 
wliite cells may be iocreasetl, especially where the obetractioD ia 
caucerons. Hence the blood count canoot Iks relied od to helii 
ns in tlie dia^i^osin between obstniction aud peritonitis. Tt is 
Tuore likely that the examination vf the umouut of 6brm will be 
nseful, as it is said to be increased in peritonitis and not in nb- 
fitructioii. 



DISEASES OF THE LIVER. 
CATARRHAL JAUNDICE, 



The serum is colored yellow or greenish-yeUow and contaioa 
bile pigments in solution. It has been asserted that jaun- 
dice can hn rect^nized here Ijefore it shows in th»' akin or 
uriud. In mild cases, i.e., where some bile y;t^cH to the iute»- 
tine and tlie obetruction is not long standing, l/tr fJoni{ 
fircrffnUij iiiiriiml, as the cases in Table XXX. show, N« 

Table XXX.— C*tarbh*l Jaumhck, 



n 



3.8iW,0tK) 
4. WW, 000 



47. Alcoholiir ^aatridi 



4,840,000 

•i.moofi 

4.8TO,000 



one of these cases sliows aoy lencix-ytosis, and the re<l n 
and hannoglobin have not sufiFered except in the Hloohnlif e 
in which other causes for amrmia were present. This is c 
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trary to the observations of Grawitz, who found constantly 
leucocytosis, but agrees with those of v. Limbeck and Hay em, 
who never found any increase of leucocytes or any other changes 
in the blood count. Coagulation and the amount of fibrin are 
normal. Von Limbeck noticed an increased resistance of the red 
cells to the influence of distilled water and dilute saline solu- 
tions which in normal blood dissolve the hsemoglobin. He 
noticed also that the size of the red corpuscles was greater than 
normal, their volume in h given amount of blood being seventy- 
seven to eighty-one per cent (i.e., they take up seventy-seven to 
eighty-one x>er cent of the room occupied by the drop) while the 
normal is about forty-four per cent. This was in cases with 
only from 4,000,000 to 5,200,000 red cells per cubic millimetre, 
80 thai it was evidently due not to an overcrowding of the drop 
with red cells but to a true increase of size in the individual 
cells. The same fact has been attested from a different point of 
view by the investigations of v. Noorden, who found the solid 
residue increased, and of Hammerschlag ; and Ghrawitz has noted 
an increase in the specific gravity of the whole blood, though 
that of the serum remained normal. Normal red corpuscles put 
into the serum of icteric patients increase their diameter con- 
siderably, so that apparently the serum is responsible for the 
change. 

Qualitative Changes. 

Ghrawitz noted in severe cases that crenation took place much 
more rapidly than usual in freshly drawn blood, and that the 
rouleaux formation did not take place. This latter point was also 
noticed by Hofmeier ' in icterus of the new-bom. Silbermann ' 
noticed in the same disease great deformities in the size and 
8hax)e of the cells. Li severe febrile icterus Weintraud noted 
in the red cells the white spots and streaks with active (molec- 
ular) movements described by Maragliano (see page 87) as en- 
doglobular degenerative changes. 

Summary. 

Normal blood, except for increased size of the red cells £md 
some degenerative changes in severe cases. 

> "Die Oelbsucbt der Neugeborenen. " Stuttgart, 1882. 
'"Die Gelbsucht der Neugeborenen. " Arch. f. Kinderbeilk., 1887, 
p. 401. 
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Diagnostic Value, 

The constant presence of leucocjtosis excludes an nncom- 
plicated " catarrhal" jaundice, and points to the probability of 
malignant disease or iniiammation (cholangitis, abscess). Syph- 
ilis and cirrhosis of the liver might show the same condition of 
the blood unless the characteristics of syphilitic blood were very 
marked (see page 269). From a severe cholsemia the absence of 
any marked ansBmia distinguishes a purely catarrhal case. (For 
the changes in cholsBmia see page 290.) 

CIRRHOSIS OF THE LIVER. 

1. Ordinary (Atrophic) Cirrhosis Without Jaundice. 

In the early stages (according to Hayem) neither the red cells 
nor the haemoglobin fall considerably. Most other obsen^ers 
(perhaps thinking chiefly of the later stages) report marked 
amemia. Wlajew' counted from 3,000,000 to 4,000,000 red cells ; 
v. Limbeck had a case with only 1,500,000. He noted that the 
count might be increased after a tapping in cases with ascites, 
owing to the concentration of the blood from the rapid refilling 
of the belly with serum. Grawitz, on the other hand, noticed 
precisely the opj^osite effect in a case whose blood before tai>- 
ping had been concentrated by cyanosis, the heart's action being 
embarrassed by the ascites. After tapping, when the heart's 
action had become easier and stronger, the cyanosis disapj^eared 
and the blood count fell from 4,700,000 to 4,300,000. In v. Lim- 
beck's case it rose from 4,680,000 to 5,160,000. The moral is 
that we should draw no inferences from the count of red cells 
soon after a tapping. 

The fifty -two cases in Table XXXI., A., were all advanced 
and their red cells averaged only 3,580,000 + per cubic milli- 
metre. They steadily decretise as the disease progresses, one 
case getting as low as 1,30(),(KX); but the ansomia may be con- 
cealed by cyanosis and concentration. 

QtialUniive Chmnjes. 

Hayem noticed a curious stickiness of the red corpuscles, a 
great tendency to adhere to each other. Von Limbeck looked 

' Ref. in Petersbur^er med. Woch.. 1894. No. 43 
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for it, but could never find it. Hayem and Maragliano noticed 
degenerative endoglobular changes in the red cells Cftat cinbri- 

Table XXXI., A.— Cirrhotic Liver without Jaundice. 



Ainf. 


Sex. 
F. 


Red celU. 


White 
cells. 


Per cent, 
haeino- 
fflobin. 


Reniarka. 


53 


2.950,000 


16,000 


• • 


Recent henioirhage. 


41 


M. 


4.300.000 


12.750 


55 


Liver enlarged ; ascites. 


48 


M. 


4.992.000 


9.000 


62 


Recent hemorrhage. 


53 


M. 


2.120.000 


9.000 


23 


March 15th. 






1,300.000 


7,500 


22 

15 
15 


April 8th. 
April 18th. 
April 29th. 






2,350.000 


6.000 


20 


Mav 10th. 






2,375.000 


5.300 


26 


May 12th. 






2.450,000 


5.200 


20 


June 10th. 






4, 500. 000 


7.800 


25 


June 16th. 


50 


M. 


3.440.000 


8.320 


46 


Liver enlarged. 


34 M. 




7.900 


95 




56 M. 




7.500 


68 




53 M. 




6.200 


60 




38 F. 




5.700 


65 






5.720.000 


5.200 


46 


Differential count normal. 


54 M. 




5.400 


64 




56 


M. 


4,680.000 


5,000 


48 


Liver atrophic, July 12th. 






4.312.000 


4.000 


62 


Julv 25th. 


43 


M. 


2.920,000 


4,500 


56 


October 30th. 








13,400 


t • 


November 7th, during digestion. 








15,300 


• • 


November 11th, during digestion. 


53 


M. 




3,800 


72 




51 


F. 




3,300 


65 




63 


M. 


3.844.000 


3,000 






50 


M. 


3.568.000 


2.400 


50 




62 


M. 


3.440.000 


2. 400 


50 





Ha^morflohin. 

Usually the color index is low; the average was .66 in the 
ten Massachusetts Hospital cases. 

miie Cells. 

Except after recent hemorrhage none of our cases showed any 
leucocytosis, and the average count was 7,240, some cases hav- 
ing notably low figures (2,400, 3,000, 4,500). 

Hayem 's results agree with this. Yon Limbeck makes no 
definite statement on this point. Rosenstein and Wlajew found 
leucocytosis, the latter 12,000 to 17,000. Possibly their cases 
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iiielude the fonii» of cirrhosis ifitli Jaumlioe in which (see Tnbl 
XXXI.. B) the whit* cells are more often increased. 

The forms of hyiiertrophio cirrhosis iciUiouf jaundice (fatl^ 2 
iutiltrated liver) are here classed with the atrophic casea wliof^L. 
blood has jiist been dciscribed. 

Table XXXI.. B,— CmKHtmc U\'kr wrra Jacsdice. 



Abb 


Sn. 


*t 


M 




M 






«.! 


M 


5'.' 


V. 


3« 


M 


W 


U. 



1,034.0001 1B.6IK) 

3,4(HI.(KMl, l»,500 

4.S6M.IJU0 14.00U 

S,i)16.()(Mlj IS.OOO 



Liver i?nIiu"Ktvl. 
Liver eQliir|{P<l. 
Adult c<^IK !«« per c 

cells, IT per cout- 
JaiiudK'p only triui*icot. 
Aub'iny (hypertrophic ciTTiKM*« 



2. HypEBTnopHTc Cikrhosw wtth Jaundice. 

Red Velh. 

True (biliary) hypertrophic cirrhoais iciVA jatiadioe haa ■ 
cordiuK to Hayem an intense anxDmia in iiiauv cases. In "IIk^ 
it lias no more effect on the blood than ordinary atrophic c 
rhnsis. The six cases in Table XXXI-, B, averaged a little lo«i 
in tlie count of wliit« cells than the ten atrophic cases, 3,20U.OI 
jw r<mtra«ted with 3,;'>S0,000. 



In a single caae of this variety of cirrhosis Harem fonnd J 
lour successive blood ejcaniinations a color index of more thiiii^ ' 1- 
His counts are a& tollows : 



Date. 


HBlwIh. 


Whli* mllB. 


^^ 






l.-'il)9.«(IO 

1.(184. MM) 
1.7fl».0(IO 

i.iRi.imo 




41 
M 
30 
3» 






21.tt08 
18.063 

m.soo 




laiii 

i.'.tii 


I.M 

1-40 



Dried si>ecimPUB sluiwed an increased avcra*:© dinm«*t«'i- <^ 
tlif I'clU as in jieniiciouH autcraia. The jiatient died Jana*»^j 
loth itnd rhe autopsy confirmed the diagnosis of hyi>ertnij>- •*■*■' 
cirrliiwis. 



ACUTB YELLOW ATKOPHY OF THE LIVEB. '2f*9 

The i)l>aer vat ions nf v. Limbeck nf the increased vnlume of 
the red cella in Jauiulice may perhaps be another example of 
tite coDditioQ here noted by Hayem, The preaeijce of bile iu 
the blood makea all hiemoglobiii estimations unsatisfactory. 

Only oue of our six eases showed this same condition — Case 
5 in Table XXXI., B. The corpuscles numbered 2,064,000, or 
forty jier cent, and tlie hsemoglobLu fifty per cent, a color index 
of 1.25. This case was jaundiced at the time of the exami- 
nation. 

I have seen no confirmation of Hayem's observation by any 
otlier writer- 

tl'Mte Cfll^. 

Lencocytosis is commoner in this than iu the otlier variety 
of cirrhosis. Hanot and Jlennier found from 9,000 to 21,800 
leucocyt<« Iter cubic millimetre in five cases of liyiwrtropliic 
cirrhosis and an average of fi.fiOO in ordinary cirrhosis. Leu- 
eocytosis was present in four of the six eases of the Massachu- 
Hoepital series, the average of all six being 9,000. 



r 



THayxonflc Vahte. 



The blood of either form of cirrhosis baa no diagnostic value, 
so far as I know, eiKept to exclude abscess and hydatids. If no 
lencocytosis is present, abscess and hydatid cyst can usually be 

[ade<l. 



^roli 



HYDATID CYST OF THE LIVER. 



The onlj- obsen-ationa whioli I Jiave met with are those of 
Hayem iind Neusaer. Hayera states that the blood shows leu- 
(Mcytosis and increased fibrin. Neuaser conaiders that the in- 
awwe of eoainophii^s which he finds iu hydatids series to dia- 
titit^tih them fi'om hydronephrosis, dilated ^all-bladder, etc. 



t ACUTE YELLOW ATROPHY OF THE UVER. 

Grswils! records a case with 6,150,000 red cells and l(i,OIX) 
rte cells. 

A single case with auto|)sy was studied at the Massachusetts 
0<*iiflriil Hospital in 1894, the blood showing 5,520,000 red cells, 
12.0(10 white cells, and sixty per cent of hiemoglobin. 
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PHOSPHORUS POISONING. 

Taussig/ V. Jaksch/ Badt,* and v. Limbeck* note an increase 
in the normal number of red ceUs per cubic millimetre. Taussig 
found 8,650,000 per cubic millimetre ; Badt, 6,400,000, 6,500,000, 
and 6,800,000 in three successive cases; v. Limbeck, 6,500,000 
and 7,900,000. That this increase is not due to concentration 
of the blood through vomiting of liquid is proved by v. Lim- 
beck's last case, in which no vomiting whatever took place. 

The count usually falls to normal within a few days. All 
tlie.se changes were verified in thirty -three cases at the Stock- 
holm Hospital in 1892 (see Stockholm Hospital reports for 1892). 

Tlie white cells in v. Limbeck's second case were increased 
to 12,500. In V. Jaksch's five cases the counts were 58,750, 
48,000, 8,000, 4,070,and 3,400. 

CHOL^MIA. 

When jaundice is intense and long standing, as in complete 
obstruction of the bile ducts by gall-stones or tumors, the blood 
is weakened very notably, and haemoglobin and the count of 
corpuscles fall steadily. Very little is to be learned upon the 
subject from the literature, but the qualitative changes men- 
tioned under catarrhal jaundice are much more marked, and 
leucocytosis is ai)t to be present. I have studied the blood in a 
case of fatal chronic jaundice without fever and for which at 
autopsy no cause was found. The leucocytes ranged between 
12,000 and 14,000. 

GALL-STONES. 

Netter* and Sittmann* have found pyogenic organisms in 

cultures from the blood of i)atient8 with gall-stones, as have also 

Oilbert and Girodo.' 

' Arch. f. experiment. Path, und Pharm., vol. xxx. 
»Deut. med. Woch., 1893. p. 10. 
•Dissort., Berlin, 1891. 

* Loc. cit. , p. 34. 

^ Progres Medical, 1886, No. 46. 

* Deut. Arch. f. klin. Med.. 1894. p. 323 
' La Seniaine Med., 1890, No. 58. 
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Of the 22 cases of this disease examined at the Massachusetts 
General Hospital 2 were complicated with cholangitis (see Table 
XXXII., A). Excluding these 2, leucocytosis was present in 
only 4 of 2() cases. The red cells were low in 2 cases (2,800,000 
and 3,900,000). 

The absence of leucocytosis helps us to distinguish the dis- 
ease from peritonitis and appendicitis, and excludes suppurative 
cholangitis. 

Table XXXII., A. —Q all-Stones. 



Age. 


Sex. 


39 


F. 


80 


F. 


68 


F. 


29 


M. 


40 


F. 


60 


F. 


40 


M. 


49 


F. 


47 


M. 


45 


F. 


^88 


F. 


« 


F. 


-32 


M 


-25 


F. 


Ji4 


F. 


29 


F. 


457 


F. 


^7 


F. 


iS8 


M. 


JS7 


F. 


^1 


F. 


^M 


M. 







Red cells. 

4.768,000 
4,820,000 
4,610,000 



4,520,000 



5,072,000 
8.288,000 
4,900,000 

2,844,000 



4,820,000 



White 
cells. 


Percent 
haBmo- 
^lobin. 


24,400 


■ t 


20.000 


• • 


18,800 




16.200 


■ • 


13,200 


• • 


10,000 


• • 


18,000 




12,500 


72 


11.500 


70 


10,250 




10,000 


90 


9,800 


85 


9.200 


100 


8.900 


60 


8.800 


• • 


8.000 


• • 


8.000 




7.600 


80 


7,400 




7,400 


85 


7,800 


• • 


8,200 


• • 


6.000 


64 


5.400 


68 


5,800 


68 


4,000 


• • 



Remarks. 



Cholangitis also. 
CholaDgitis: Autopsy. 

December 16th. 
December 18th. 
December 21st. 

Temperature, 100.5**. 



Jaundice. 



Distended gall-bladder. 

Jaundice. 

Jaundice. 



October Ist. 
October 5th. 



Recurrent pain and jaundice. 



CHOLANGITIS. 

Here the leucocytosis is well marked whenever the inflamma- 
tion has got beyond the catarrhal stage (see Table XXXTL, B) 
lAiid helps lis to exclude simple impacted gall-stone, with or with- 
out colic. Cancer may or may not produce leucocytosis, but 
does not usually increase the fibrin network ; it is said by Hay em 
ihat cholangitis doed increase it. 
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Tablk ZXXn., B.— CuoLANorns. 



Ku, Age. OtK. RcdcclU. Whhacelt*. 



4,liin0.fMKI 
6,400,000 
4,tMO,OftO 
4,»T0,OO0 



6.640, GOO 
S.0D2.000 
4.T70,0(W 



SO, 000 
30.000 
22.0IX) 
14. SHI 
14.186 
11.000 

' n.ooo 

G.S00 

4.400 



Soppuratiye cholangitiB. 



Jaundk'e nnd cliolitini*. 

Gall-atonm ; cliilU. 

Ocbiber 20t1i. Operation Octoba i 

Alisevm of lirer. 
Cntarrhal. 

C'fiMn-hfil. 



ABSCESS OF THE UVEB. 

In till but one of the rmieH seen by the writ«r (see T»U» 
XXXIII.) tbe loiicocvtoHiB iiiis heeu r»rv miu-ked. I hftT» 
iiever been able to aecouut for its tibseuc© in that case. 

The bloot] does uot differ from that of nhnlanKitift witli snp — 
ptiration. From cancer it may often be distinjiiuislied bv th^ 
iibsenue of iucre«i)e<1 fibrin network in cancer, while it in Altrnj^ 
iucreaaed in suppurations. 
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- 


Bm, 


R-dwll., 


WhttP 


PM-oeut 


Soaffea. 


ao 


M. 


4.S33.000 


88.300 
48,000 




Jmiu»T7 11th. 


16 










Op^ralion. 


w 


V. 


4.460,000 


18.000 


















I" 


F. 





11,000 
17,500 
19. »0 
30.600 




Novcmhpr 3d. 
Novnml»T4lh. %r.M- 








ia.000 

16.000 




Ootolwr mil. 
OtoberaOth, 
Oolobfr 2lHt. October S5tK ao- 













CANCER OF THE UVKR. 
(See Malignant Disease, page 346.) 
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GUMMA OF THE UVER. 

You Jaksch in a single case found red cells, 2,756,000; white 
cells, 6,100. 

DISEASES AFFECTING THE HEART. 

PERICARDITia 

(See Inflamiuatiou of Serous Membranes, page 247.) 

ENDOCARDITIS. 

In many cases of acute endocarditis the blood shows no 
changes. In others, whatever alterations there may be are cov- 
ered up by those involved in the rheumatic arthritis associated 
with the endocarditis. 

ULCERATIVE ENDOCARDITIS. 

In ulcerative or malignant eyidocarditis, we may find the signs 
of a pyogenic infection (see page 216). Sometimes pyogenic 
cocci can be cultivated from the blood and if present may be of 
the greatest value in a diagnosis always difficult to make. 

Grawitz goes so far as to say that in doubtful cases repeated 
negative results of cultures from the blood make it unlikely that 
ulcerative endocarditis is present. 

Sittmann ' considers that important help may be given as to 
the position of the primary focus of infection by the nature of 
the organism. present in blood cultures — i.e., the pneumococcus 
pointing to the lung, the colon bacillus to the intestine, etc. 

Bed Cells. 

As in all forms of septicaemia marked anaemia rapidly de- 
velops, more rapidly probably than in any other disease. The 
hsemoglobin loses about equally with the corpuscles, according 
to most observers — that is, the blood destruction is so rai^id 
that the red cells do not get thin before they die, as is usually 
the case, but are cut off in the prime of health. 

Further evidence of rapid blood destruction is seen in the 
hsemoglobinsemia often present. 

* Loc, cU. 
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Eo8cLer {loc. cit.) records counts of 4,400,00t) »uil 2,75(i,(i 
both fatal cases. In one case seen b,r tlie writer the connt wai 
3,792,000 witli fifty -eight per cent of heeuioglobiu. 



IKAiVe Corpimle*. 
aiugle case showiug these variatiuiui 



Biecler reports > 

January 2d. 1891 1(W IT.OOO 

8d, 1S»1 M° liTOO 

" 8th. 1881 108" 1JJ.M0 

lOih, 1891 101.8* 18.000 

mh, 1881 I0L5' 21.800 

ISth, 18B1 lOr 18,800 

aal, 1881 1W.5' I8,0(tt 

Februnj-y lUb, [ntjent died. 

Pee found leucocytoeis. Roficher in two caRra fniiBtl: C* 
' I. ; 8,800 leucocytes; i»atient died in two days. Case II. : Ifi^ 
, 800 and 12,000. Krebs in one case foiiud: Octolvr 27lh, 1.5_ 
600; October 28th, 44.200; the patient died same day. 

Nine caHetn were counted at the Maseochusetts Hoapital wil~ 
the following reniilbt. lu three only the fresh blotnl wa« i-ia 
auiiied and showed marked leuc(K\vtoHia ; in the otheni : 

Uloskativb ExDocAttoms. 




^i:^ 


IMaalk 


White .«ll. 


i-S;^. 


^ _J 






1 




80.100 
10.800 
18.100 
Ki.700 
«7.H0 
18.100 
38,000 
30,400 
IS.flOO 
14.600 
30,400 
34.000 
10.000 
8,900 


u 


Uay»Tth. 

May aOtli. 1 
Jont- 17tb. ^^J 
Hay «d. ^^H 
May ^^H 
May «tth, ^^^H 
May tmi. ^^m 
Autopar. 1 
Janulr^ mh. ' 
January 14th. 

January 1 6th, ■ 
January ISth ; dUd ^^^ 
















8,7»3.0.>r. 









Practjcally the same are the counts in the followiu); canM ■ " ^ 
apparently "l»fiiiinii" cndofiinlitiit with fever and rapidly »»hi^^^^ 
itiK mnrninrB. the first complicating chorea in a boy of thiTt>«<- ^^^- 
the other in an adult. 
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"Benion" Endocarditis. 



Use. 


Sex. 


Bed cells. 


White 
cells. 


Per cent 
haBmoglobio. 


Remarks. 


18 


M. 


• • • • 


20,600 


62 


May 26th. Temperature 102**- 
104-. 








17,900 




May 29th. 








18,700 






May 3l8t. 








16,800 






June 3d. 






21,200 






June 4th. 








27.400 






June 8th. 






22.700 






June 11th. 








24,200 






June 18th. 








21.900 






June 15th. 




1 


26,100 






June 17th. 


1 


26.800 






June 19th. 








17,400 






June 23d. 








28,700 






June 26th. 








21,200 






July 2d (outdoors). 








21,300 






July 4th. Left the hospital 
July 19th. 


56 


F. 


• • • • 


50,100 
35.800 
86,600 
22,800 






November 24tli. 
November 27th. 
November 30th. 
December 7th. 



Diagnostic Value. 

(a) Blood cultures should never be omitted in cases of sus- 
pected malignant endocarditis. When positive they are of 
;reat value. (6) In excluding typhoid the presence of leucocy- 
osis is important. I saw within a few months a case in which 
everal consultants had made the diagnosis of typhoid, but in 
rhich the presence of marked and persistent leucocytosis and 
he absence of a typhoid serum reaction convinced me that the 
ase was one of ulcerative endocarditis. This has since been 
erified. 

MYOCARDITIS. 

Whenever stasis and disturbance of the circulation result 
rom weakness of the heart wall, blood changes identical with 
hose described under Valvidar Heart Disease are present. 
)therwi8e the blood is normal. 
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VALVXJI^H HEART DISE.\SE. 

Grawitz divides valvular Leart disease iuto tliree stages with 
correal H>iidiiig blood conditions : 

1. Sta^H of full coint>eDtiutiou ; blood uonnal. 

2. Stage of iicutc failure of comiiensatioii : blwxl dilitt'tl 
(Oertel'B " jiletlioni serosa"). 

3. Stage of cLi'oiiic stiwis aiid cyanosis : blood couoentrafod 
for the most part; ut times diliit«d as well. 

1, A valvular lesion pcf se has no effect oh the blood. 

2. When compeusutiou fails and blood pressure is lowon<d. 
we find {especially in (he venous Hood) that the fluid from the 
surrounding lymph si>aces hits made its way into the vossvlit 
and dilated the blood. The specific (truTity falls, red cells and 
hiemoglobin are lower than Viefore, while the white oelU ore nn- 
altered, and the plasma is shown to he more watery thou before 
as well as of increased ipiantity i>er cubic milliinctre. All tlicKfl 
changes are less inarke<l in ca|jillary blood, and hence are i^art/j 
obserced. 

'd. If the heart adjust itself partially to the increased work ti 
has to do, and to the chroiiic passive (congestion of the iutenul 
orgaiiHand at thei>ertphery, the blood is concentrated, probablf 
iu part by transudations into serous cavities and lymph spaces, 
and in part hy the increased excretion of moisture by the lotii^ 
The specific graWty and the number of r«d cells are inrrrniaM. 
enpecialli/ in the tfifnlliirirfi, and to a lesser extent in the reiioiu 
blood (the conditions being just the reverse of those in acats 
heart failure, stage No. 2). This is the condition uaaally foond 
in heart disease with chronic venous stnsis (imnsive congestion). 

But this concentrated eondition of the blood may bo offset 
from time to time by fresh weakening of the heart and leBsen* 
iug of blood pressure, and the combination of the two oonditiaDS 
may n»iult in a uormal blood count. 

The condition of concentrated i^eripheitil blood with tlie conui 
of red cells above uonnal, is that most commonly seen iu chicmio 
heart diseatie witli stasis. 

Von Limbeck finds that aortic lesions are more apt hi show a 
normal or diminished blood count, while mitral disease i» tnont 
apt to be accomiHinied by the temporary dilutions and long- 
standing concentration above described. He does not espj 
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the cause of this. One of his patients with double mitral le- 
sion showed a decrease of 1,170,000 red cells (from 7,600,000 to 
6,330,000) after exertion. When the patient was quiet, the le- 
sion was comi)ensated; on exertion compensation temporarily 
failed, blood pressure was lowered, and the blood diluted. 

Sadler* found considerable anaemia in three out of four cases 
of aortic disease, while only two of seven patients with mitral 
lesions showed anaemia. 

Schneider's' results were similar in that he found the red 
cells normal in the aortic cases and increased in the mitral ones. 

Hayem found anaemia most common in aortic regurgitation, 
esi)ecially in young people. 

In the Massachusetts Hospital records out of twelve cases of 
mitral disease five had less than 4,000,000 red corpuscles per 
cubic millimetre. Of three cases of aortic disease all were over 
4,000,000. I think these figures simply mean that the mitral 
cases are more apt to come to the hospital in the stage of acute 
failure of compensation — therefore (see above) with diluted 
blood — while the aortic cases often come while compensation is 
still good and therefore with practically normal blood. 

WTiite Corpuscles. 

Almost all writers whom I have consulted agree that the leu- 
cocytes are normal unless some complication occurs. Yet in 
a certain number of the Massachusetts Hospital cases mostly 
(but not exclusively) those with cyanosis, the leucocytes wei-e 
increased, the counts ranging sometimes as high as 15,(KK), while 
the red cells were normal. I suppose this is to be accounted for 
by the fact that in any case in which the circulation is feeble 
and slow, the white cells accumulate at the periphery even more 
plentifuUy than the red. This is evidently so in the cases of 
congenital heart disease next to be mentioned, in which the red 
cells are increased only about forty i)er cent, while the white 
are often one hundred per cent more numerous than normal. 

The apimrently normal count of red cells in some of our cases 
was probably due to the covering up of an anaemic or diluted 
condition of the blood by concentration, the resultant of the two 
forces being an apparently normal count. 

> Loc. cit, p. 33 « Inaug. Dissert.. Berlin. 1888. 
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Koblaiik (loc. cU.) gives the foUowiu); caHeo UlnstrotiuK UiU 
condition : 

Rixl LTlU. WUle CElto. 

1. Mitral leakage 5.461.250 3H.«»+ laiiiop^. 

3. Aortic leakage 4.716.600 18.000 + 

This leucoc.vtosia ranst be taken into account iu makiuK in- 
ferences from ciises whose circulations are feeble, and no dticjirr 
amlerlying cause (e.g., abscess, cancer) need be awiQnMKl to ac- 
count for the increaiie. 

drilema and diuresis have in themseWed little or no coniitjuit 
effect n|)on the blood, as a recent observation of PelrowitkyB 
has demonstrated. 



CONOENITAL HEART DISEASE. 

Iu the cyauosia accompany ing this affection very high blood 
conuta are rei)orted. Gibson foand: 



C-. 


BHiorili. 


VhlWOFlllL 


rvrooi 




8.470.000 
0.700.000 


12,000 

la.iwo 













Cannichael rei>orts, red cells, 8,100.000. white i-ells, 16.000. 
in a single case, and Toeuieasen couuteil 8,820,000 and 7,540,001) 
iu two similar cases. In oue cAse entirely without t'>~i(I<>iu« "J 
any stasis I counted 8,431,0(X) red cells per cubic mitliinetre. 
How sach cases are to l>e explained I do not know ; the ordia*'? 
explanation of coneeutration of the hlofHl will not hold iucB«M 
in which no stasis or lack of compensiition exists, ret the skill 
ia blue and tlie blood counts are euoriiious. 

There is no doubt that the i>eripheral otjiillaries always (*">' 
tain more corpuscles per cubic millimetre than do the \-fh>»- 
Numerous rejKjrta from various observers iigr^o u[Km li'i"- 
Wliether this is on accouut of the loss of water by per8pir»ti'>'" 
and couseijuent drain of bloixl from the skin capillarit^n is nn«"- 
tain, but in cimgemtjd heart disease Itoth capillary and wm'i* 
blo«xl ia overcrowded with corpuscles and the eiiilaoutioD i* 
difficult. Hayem iu a case <.f this s..rt n-|>orU 7,0(H(,OIKI r«l 
cells with a decrease in the average diiuueter. 



■ DISEASES or THE KIDNEVS. d9» 

The most imiwrtnnt practical deduetiou from these data is 
that a blood couiit in a patieat suffering from jioorly cumiien- 
siited heart disease hua no viilue in detenuiniug whether or not 
aufcmia is present. The actual nuraber of corpuscles in the body 
is not meiiaiired by the number contained in a drop of periph- 
eral blood, since anfoiuia may be effectually masked by cou- 
centration or simulated by dilutiou. 

This holds good e(iuall,\' for au\' condition involving general 
stasis and cyanosis either fr<im embarrassment of the heart's 
action or otherwise (for instauce, pneumonia in certain sta^e, 
emphysema, displacement of the heart by serous effusions, or 
tumors), or hcnl stasis of the part from which blood is taken. 
Penzoldt ' noted that in old hemiplegic cases, the bhxid from 
the affected side contained more corpuscles than that from the 
sound side, and the writer has noticed the same thing in a va- 
of vasomotor affections involving local asphyxia. 



B^' 



\» a nde I Ijave foniid the bloinl entirely normal, but in the 
fiiUowiug case it might have thrown light du the diagnosis. A 
jiatient was recently admitted to tho Massachusetts Hospital 
with au acute affection of the chest, supposed to be pneumonia 
in spite of the slightness of the fever and the irr<?gularity of the 
[tliysical signs. At autopsy a ruptured aortic aneurism was 
found. Tlie blw«l count ha^l showed 3.824.000 red cells, 20.S(K) 
white, and 33 iier cent hwmiiglobin. The low percentage of 
Jiwinoglobia and red cells was really inconsistent with an acuta 
puenmouia iu a man preriously well, and might have hinte<l 
BtronKly toward the correct diagnosis had attention been di- 
ftict»l more carefully to the blood. 

DISEASES OF THE KIDNEYS. 

3Iany factors other than the disease itself may influence the 
lilood of nephritic cases. Tor instance, in scarlatina] nejihritis 
tlie loDg-stauding leucocytosis is probably due largely to the 
■carlAtiual imison, ratlier tlian to the nephritis. The occur- 
rence of laii;e quantities of blood in the urine has the same lu- 
floence as any other heraorrhane upon the blood. 

such has apparently very little effect upon the 

• Berliner klin. W«<ri.,. 1881. p. 437. 
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blood, but the loss of alhumw in the urine tells both on the cor- 
puscles and on the serum, thinning both with consequent lower- 
ing of the specific gravitj^ of the blood. 

ACUTE NEPHRITIS. 

J. Red Cells and Hcemoglobin. 

Whether largely from the loss of blood from the kidneys or 
from other causes, the red cells are often much diminished, but 
the hsBmoglobin suffers still more. Laache reports an average 
loss of nineteen per cent of the red cells and twenty-six per cent 
of their coloring matter. 

Hayem found no considerable loss of red cells unless the 
urine was hemorrhagic. The following cases illustrate his re- 
sults. 

Case I. — Acute nephritis, ending in recovery. 

Red cells. 

March 17th. 1882 3,069,000 

March Slst, 1882 2,759.000 

April 7th, 1882 2,821,000 

May 1st, 1882. albuiuinuria ceased. 

May 17th, 1882 3.038,000 

May Slst, 1882 8,689,000 

Case II. — Acute (puerperal) nephritis; recovery. 

Red cells. 

April 6th, 1881 2.945,000 

** 9th, 1881 3,976.000 

^ 12th, 1881, DO albumin in urine. 

" 13th, 1881 8,137,500 

" 20th, 1881 3.810,000 

Case III. — Nephritis (chronic ?) with hsematuria. 

Red cells * 2.821,000. 

(It should be noted that Haj-em's counts are low on the aver- 
age, and the instrument used by him not very reliable.) 

Grawitz in acute nephritis records 3,400,000 red cells at the 
beginning of the tliird week, and 3,100,000 ten days later. 

Koblank* counted 5,168,700 in a case of acute nephritis with 
oedema. 

* Inaug. Dissert. Berlin, 1889. 
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Badler (loc. cit) in six cases of acute nephritis found in two 
cases 3,690,000 and 2,262,000 red cells; in the other four practi- 
callv normal counts. 

Table XXXIV. —Acute NEPHRms. 



Age. 
56 



11 

45 

3 

23 

ZA 

33 

22 

22 

44 

37 

21) 

22 



Sex. 



F. 



F. 

M. 

F. 

M. 

F. 

M. 

M. 

M. 

F. 

M. 

M. 

F. 



R«d cells. 



4,068.000 
3,532.000 



3,904.000 
4.300,000 



5,000,000 
4,944,000 



White 
cells. 


Per cent 
hceiiio- 
globlii. 


22.200 


• ■ • • 


14,000 


• • • • 


11,909 


• • • • 


12,200 


• • • • 


14.000 


52 


13,200 


43 


12,000 




11,700 


50 


11,100 


85 


9,300 


50 


8,300 


48 


7,600 


60 


7,500 


65 


6,800 


78 


6.000 


58 


5,400 




5.100 


• • • • 



Remarks. 



Temperature 102.5". 

Sixth day. 

Ninth day, temperature falling. 

Nineteenth day. 



Purpura also. 



Acute parenchymatous. 
Acute parenchymatous. 



In none of the few cases examined at the Massachusetts 
ospital were the red cells much diminished, but in two cases 
t;Xie haemoglobin was very low, the color index being .62 in one 
^ft-nd .61 in the other. 

The blood plates are much increased (Hayem) and fibrin 
s^lij^htly increased. 

2. White Cells. 

Leucocytosis is usually stated to be the rule, lasting often 
f <:3r weeks at a time and gradually diminishing in convalescence. 

Hayem gives counts of 14,973, 12,400, 15,000, and 13,000. 

Koblank (loc. cit.) and Grawitz each in a single case found 
> * <fnnal counts (7, 300 and 5, 600) . * 

Sadler found an increase in only one of his six cases, and 
^laen the highest point reached was 13,312. 

Of the thirteen cases of Table XXXIV. leucocytosis was 
X>Tesent in six, in one of which it was followed for three weeks 
*^xid still persisted, but it is my own belief that the leucocytosis 

acute nephritis is due either to loss of blood by the kidney 
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or to uraemia. Where these couditioiis are absent I have uot 
found anv leucocvtosis. 



CHRONIC DIFFUSE AND CHRONIC PAREXCHY^L\T()l'S 

NEPHRITIS. 

Red Cells, 

In advanced stages the counts may run very low, but iimiv 
often it is chiefly the hsDmoglobin that suffers through the ilniiu 
of albuminoids from the blood into the urine. 

Hay em gives the following figures : 

Case I. — Chronic parenchymatous nephritis. 

K<h1 cells. Percent hflMnoel»bin- 

June 20th 4,309,000 4:< 

July 4th 4,216,000 44 

October 18th 2,945.000 34 

Case II. — Same diagnosis. 

Red cells. Per cent hipinoel. iIh^- 

March 6th 2,619,500 ;U> 

8th 2,836,500 *i 

23d 2.4(W,500 27 



u 



Koblank {J(h:. cit.) in the same disease found 3, 2^,70*) r**'^ 
cells in a single case with much oedema. 

Reinert found 4,050,000 with 50 per cent of htemoglobiu ai -^ 
3,604,000 with 62 per cent liaemoglobin. 

Sadler : 

R«h1 cells. 

CaMC 1 4,120,000 

. 2,4a'),000— November 19th. 
« 2 - 1,10«»,000— January Uth. 

( 1, 5(H). 000— Japuary 17th. 

- 3 .f 4,3(K).0(M) 

" 4 4,300.000 

I 3,737,500— Jiin« 28th. 
•* 5 - 3.5JJ3.700— July 3d. 

( 2. 1S7, 500— August 15th. 

/ 3,2<K>, 000— July 7th. 
•* 6 - 3,257,000— July 22d. 

( 3.137.000— August 21st 
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Grawitz in an acate exacerbation of a chronic parenchyma- 
tous nephritis found 1,928,000 red cells. 

The Massachusetts Hospital cases show a considerable 
antemia in nine out of the thirty -five, or one-quarter of the series. 
Cireat conceutration is probably the cause of the very high 
couuts in certain cases. The majority of cases are not far from 
normal so far as the number of red cells goes, and the hiemo- 
globin is also very little diminished. 

Chronic Nkphmtis. 
Red cells. Casee. 

Between 1.000,000 and 2,000,000 I 

" . 3,000.000 " 3.000.000 3 

3,000.000 " 4,000,000 11 

4.000.000 " 5,000,000 13 

5.0O0.0O0 " 8,000.000 

" 6.000,000 " 7.000,000 8 



Color index averageB about .7. 

White Cells. 

Hayem records 26,000, 19,000, 13,000, 10,000, and 6,000 and 
concludes that the counts vary much not only in different cases 
but in the same case at short intervals. 

Eoblank found 14,700 in a single case. 

Sadler in one case found 6,300 in November and 16,000 in 
the following January; 12,000 in another case; 8,800, 7,700, 
and 1,916 in others. 

Table XXXV., A.— Lkooocttkb in Chronic Hbphbitto with Ukaxu. 



*EF 


Srx. 


Willie 


b™.^.. 


Agr 


Sei. 


cell!. 


,^„,.H„, 


3! 


F. 


44,000 


Eclampeia. 


n 


M, 


12. .WO 








32,800 






M 


13.400 




S9 


M. 


18,650 


Polynuclear cells, 


Wl 


y. 


12,300 










.W per cent. 






13.100 






V 






44 


M 






■ft 


V. 


15.800 


Diffmintial count 


31 


M. 


11.200 










normaL 


.JS 


V 


6.60U 










34 


V 


4.600 




«|M. 


15.000 




«0 


H 


4.300 






11. 300 








IS 1 F. 


13.800 




If 


cawB BTpragf 14,495. 


25 |h. 


13.400 
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Table XXXV.. 



Age 


8,,.| Whi,.^, 


A(te 


Sex. 


While OHM. 


*«•■ 


^ 


«-faiU(Mk 


4t 


'IT 


8.000 


ItT 


F. 


7.800 


48 


V. 


10. a» 


3U 


M, 


4.500 


34 


M. 


7.400 


SO 


H. 


10.700 


56 


H. 


4.800 


,15 


U. 


7.400 


47 


F. 


10.800 


80 


M. 


6,000 


17 


M. 


7.500 


10 


F. 


ii.mn 


27 


H 


.MOO 


85 


M 


7.600 


35 


M, 


11. wo 


SO 


F. 


S.200 


28 


M. 


7.600 


le 


F. 


19,700 


41 


M. 


5.500 


13 


F. 


7,700 


11 




ia.oou 


SI) 


F. 


0.3M 


U 


M. 


7.750 


27 


h! 


18.IIW 






6.400 


SS 


M. 


7,tlOO 


ee 


M. 


14.000 


SB 


M. 


6.500 


87 


F. 


8.800 


56 


F. 


14.U00 


8 


M. 


6,500 


80 


U. 


8,800 


48 


M, 


14.600 


8 


M. 


0.800 


24 


F, 


fl,OO0 


45 


M. 


i«.a» 


41 


U. 


«,800 


52 


F. 


S,800 








28 


M. 


7,000 


20 


F. 


10,000 


40 c 


mnmvmgfS.tXJ 



The same wide raiit;e iA seen iu Tables XXXV., A mhI B. 
iu which I have diniled tlie iirotiuic nut] the Dou-UTOmic casea 
inb> se|)arate tableR. It n-ill In> seen from these tJiat fonrteeo init 
nf lUDeteeii iirtemiu eases sh<iwe<l leiic<>cytosis, while thirt.v-one 
nut t)f forty uoD-nrivniic casos allowed uo leucocjloHU*. Ik u , 
difficult Ui su]i|M»e that this is mere coineideiice. 



CHRONIC INTElRSTrnAL NEPHRITia 



IM^ 



Hayem found the fibrin more iDcrensed iu tliis form ot t 
phritia than iu Jiuy other, and the auiemia less prunouuced. 
Grawitz distiuKiiishes two stages ; 

I. As long as the heart is strony enough to OTeroome tho in- 
creaseil resistauce at the peripher}- aud tlie disiurbaiic«s o( cir- 
culation are not marked, the Vilootl is normal. 

II. When fompeusatory h.vpertrophy is no longer iraffideDt 
to do the work of forcing the bhiod through the B>-Htera, the 
usual effects of failing c«rai»u8atioii (see Heart DisonAc, page 
29*5) appear (dilution and subsequent concentration of U» 
blooil). I 

The white celU are normal. 



CHRONIC INTERSTITIAL NEPHRITIS. 
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Table XXXVI., A.— Chronic iNTERSTmAL Nephritis. 



o 

1 
2 
8 



4 
5 

6 

H 



Arc 



89 



Adult. 

46 
20 

34 
69 
32 



M. 
F. 
M. 



H. 

F. 
M. 
M. 



Red cells. 



6.040.000 
4.548.000 
4.244.000 



4.088,000 
3.586,000 



White 
cells. 



19.381 
15.000 
12.000 

9.724 
6.000 

8.300 
8,500 
6.000 



Per cent 

hSBDlO- 

fClobin. 



80 
50 
67 



66 
52 

67 

87 
65 



Remarks. 



Ursdraic coma; moribuDd. 
Uraemic ; mitral stenosis. 
Three and one-half hours after a 

meal. 
Ursemic : moribund. 
March 28d. 

" 30th. 



Table XXXVI.. B.— Pyelo-Nephritis. 



• 


Age. 


1 


Red cells. 


White 
cells. 


Per cent 
hfRino- 
globin. 


1 

2 
8 
4 


24 

26 
33 
26 


F. 

F. 
M. 

F. 


8.056.000 
2.976.000 
2.696.000 
3.272.000 
4.200.000 
4,536.000 
2.856.000 


21.200 
15.200 
18.800 
25.200 
16,800 
15,550 
7,280 


41 
88 
83 
88 

**36'" 
65 



Remarks. 



March 10th. UrsBmia. 

" 13th. 

" 27th. 
April 14th. 

Perinephritic abscess too. 
Cystitis also. 



Table XXXVI., C— Cystic Kidney. 



c 


Age. 


i 

M. 


Red cells. 


White 
cells. 


Percent 
haemo- 
globin. 


1 


55 


8.664,000 


6.400 





Remarks. 



Adult cells. 72 {jer cent. Sup- 
posed cancer. Knoriiious firm 
tumor on each side. Aut^Jiwy. 



The cases lecorded in Table XXXVI., A, are probul^ly not 
inconsistent with these rules. Of the four crawjH with hfucc>- 
cytosis three were uraemic, and in the fourth thf^ iiiflu**iiw? of 
digestion is seen. The Iwemoglobin in lower than w<i Hliould 
expect from Grawitz's account. 

CTrtPwia, it would appear from these taV>lf?H, may cauHfj leu- 
kocytosis or at any rate is not infre<iueutly uHH^Kriated witli it. 
Aside from anemia and hemorrhage, nephritis probably do^fs 

xiot cause leacoeytosis. 
20 
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PYELONEPHRITIS. 

Tabl© XXXVI., B, speaks for itself. Theamrmia \» t 
severe and leucocytosis is tlie rale. 



STONE IN THE KIDNEY. 

(See Table XXSVII., A.) The state of the blood d^-ppadl 
on the aiuoutit of ulceration caused by the stone; when tliia ii 
cousiderable we have leucocytosis. 










Table 


XXXTIL. 


B.— FLOATWO KlDSKY. 


K.. 


Aco 


B... 


IMwlli. 


Wtiitacella, 


I>ereait 


RwukAs. 




87 
41 

as 

48 
88 

an 

34 


F. 

r. 

¥. 
T. 
P, 
F. 
F. 
F. 


5.0S6.0OO 

4.084.000 
S, 400, 000 
4.700.000 


B.3(W 
8.000 
6,000 
2.400 


75 
78 
69 
76 
75 
SO 
67 
80 












I 


4.416.000 


5.600 

7.8(K) 


1 



A large uomber of similar counts might be quoted. 

DiarfnMtic Value. 

Cancer would also cause leucjocyhwis, but would not ia 
fibrin as a rule, while most caaea of stoua with uloen 
increase fibrin. 



FLOATING KIDNEY. 

The blood is normal. Tbia fact lias some diaguostic value; 
for example, when we confouuii apjjeiidicitia with floating kid- 
ney, as has been done (see page 230). The jjresence of leucocy- 
toeis excludes the latter and favors the former. Most tumors 
or al)scesHPe with which a floatinfj: kidney might be confused 
could be )li»tiDKuished hy the same criterion. 




I 



PVO- NEPHROSIS, 

Case I.— Female, 3*1; leucocytes, lti,'200, of which 86 jier 
cent are ueutrophiles. Half a piut of pus fouud at operation. 

Case U.— July 25th— red cells. 3.wr.(;,()00; white ceUs, 9,800; 
Wmoglobin, 45 per ceiit, July 29th— Red cells, 3.450,0tK); 
white cells. 9,000; ha?moKlobia, 55 per cent. August 3d— 
White cells, 6,H50. August 6th— Operation. Pint of foul pua. 
I>eath. 

DISE-iSES OF THE LUNGS. 
BRONCHITIS. 

" Acute catarrhal and ehrouic purulent bronchitis have rela- i 
tjvely little lencocytosis in most cases" (v. Limbeck). 

Except for this aud a few other passing references, there is I 
liardly anything in literature on the blond in bronchitis, so that j 
2 shall be forced to base my statements c)iielly on the few counts | 
Recorded at the Massachusetts General Hospital. 



1. ACUTE BRONCHITIS. 

Aside from "capillary bronchitis," cases are not infretiueutly 
cw>eu in which the signs are simply those of general bronchitis 
<^f tlie finer tubes, yet the sym]>tomB are much more like pneu- 
SDouia. AVhatever may be the real conditions in the lungs of 
sueh patients, tlieir blootl is not infi-equently exactl;' like that 
«3f pneumonia anil does not help at all in the differential 
c^iagiiosis behveen the two diseases (see Cases 1 and 2, Table 
:XXXTin., A). 
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Table XXXVIII., A.— Acute Bronchitis. 



Age. 


Hex. 

F. 
M. 
M. 
F. 

M. 

F. 
M. 
M. 
M. 
M. 
F. 
M. 
M. 
M. 
F. 
M. 

M. 


Red cells. 


White cells. 


Per cent 
hiemoglobin. 


Remarks. 


70 
56 
22 
41 

26 
28 
46 
20 
40 
42 
50 
50 
52 
25 
59 
86 

29 


4,420.000 
4,800,000 

4,1*92, bob 
6.196, bbb 

6.26b."obb 

5,952.000 

4, 892, bbb 


41,000 

26,000 

28,450 

15,000 

11,300 

17,600 

14,200 

12,000 

11,800 

10,600 

10,800 

9,300 

8.000 

7,900 

7.000 

7.000 

6,800 

6,000 

8.600 

4,000 


70 
65 
67 
65 

• • 

• • 

70 
65 

65 

• ■ 

72 
50 
70 

74 

72 

■ • 

80 


Temperature, 108°. 
Temperature. 101**. 
November 5th. 
November 16th. 
November 25th. 
Temperature, 101. 5^ 

Temperature. 104". 
Temperature, l04^ 
Temperature. lOr. 

Temperature. 103\ 

Octobpr 8l8t. 
November 3d. 
Temperature. 102«'. 



Table XXXVni., B.— Chronic Bronchitis. 



■ 

c 

S5 


Age. 


M. 
M. 

F. 

M. 
F. 
M. 

F. 
F. 
M. 


Red cells. 


White 
cells. 


Per cent 
haemo- 
globin. 


Remarks. 


1 

o 


Adult. 

48 

27 

61 

20 
18 

26 
29 
20 


3.680,000 


18, 500 
15.000 

8.800 

8.000 
7. 925 
7.792 

6,700 
5.500 
5.062 


63 

73 

63 

78 

70 
61 


Chronic febrile, with laryDgitis. 

Recovery. 
Constipation ; neurasthenia ; two 

weeks afebrile. 
Five months. 


8 

4 
5 


5.384,000 
4.300.000 


6 




Keratitis, conjunctivitia No 


7 
8 
9 


4, 700. 000 
4,100.000 


symptoms. 
Asthma. 

Empyema of the antrum. 
One month. 









In the majority of acute cases, however, the blood shows no 
clianges unless concentration due to cyanosis be present (see 
Cases 4 and 7, Table XXXVm., A). 

In chronic cases (Table XXXVIII., B) leucocytosis is 
very uncommon, more so, I think, than the table represents. 
If more counts were added, nearly all, I think, would bo 
normal. 
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i DO cliaiiges to Apeak of 



EMPHYSEMA AND ASTHMA. 



The red cells ami liEemoglobin sho' 
in eitlier acuta or clironio ctiseB. 

The blood Las no diaguostic value so far as I know except 
tliat when pnetimonia is in question a Dorinal count of white 
cells speaks against it and in favor of bronchitis. If emphy- 
aema is also present it sometimes produces a different blood 

(ffldition from that of simple brouchitia. 
Grawitz reports an increase in the number of red ceJla in 
i^ki/se>na, which he believea to be due to cyanosis and to cover 
p the really aDEeoiic condition of the blood of many patieiits. 
Practically the same conditions are present as in the cyanosis of 
heart disease (see page 296) and the concentration of the blood 
is brought about in the same way. LoicljtenHtem ' noticed a di- 
minution in hremoglobin at the time when the heart first fails, 
due probably to the dimiuished blood pressure which allows tlie 
lyru]ih from neighboring tissues to How into the vessels and 
dilnte the blood. 

In both asthma and emphysema it has been noted by 
Miiller,' GoDanch,' Gabritschewsky ' and othei-s that eminophilea 
are ver>' numerous in the sputum, and Fink ' also noted an in- 
crease of the same c«lls in the blood, running as high as 14.6 
per Clint inste^ftd of the normal one totwoiierceut. This increase 
is present ouly at the time of the paroxysm and for a short time 
before and after it. Billings ' reports the following counts : 





JUHUuyMtJi. 


Febnuirj 411i, 


F^hnmrj' lllh. 




8.911.000 
8,300 
68 per cent 

36 

e 

a,2 - 

08.61 - 
Few DQTmoblaste 


■1,381.000 

7,5<K) 

75 per <.'ent. 

38.2 per cent. 










86 per c«Dt. 


Pul]rrnm^honuclear 


LyrnfiliocrtM (small) . . 
L>'m[>hocytee (luge) . . 


33.9 per cent. 
No Di.cleated 
redcellH. 





I - Uptier diu Hb-Oebalt dea Blutea," etc., Leipzig, 18Tb. 

• Ref , in Finb. " BeitrSge z, Kennt. des Eiters, " Diaaert. , Bonn. 1890. 

'FortschritlederHud., 1689. 

*Arch. f. eip. Path, und Pharm., 1891). p. 83. 

'New York Med. Journal. May 22d. 1H9T. 



^^M 810 SPECIAL PATIIOLOdY OF THE BLOOD. ^^H 

^^H TLeir preaene^ in increased nainbers bt^fore a p&roxvsm id^Bm 
^^M it posflible to predict its ooming (v. Niwrdeu, SchwerakewifclJ. 1 
^H Ah this upplies oolv to pure hninchuil iwOnntt Hud iiut to cmm \ 
^H Becomlar.v to diaease of tlie heart or kjiUiey, SclireiU-r Ktat(« 
^^1 that we are enabled to distiutniixb broDcluHl from cardiac or ivual 
^H aatlima by the increase of eodinopliik-a in the blood aud spnU 
^^H iu brouchial cases, which does uot <x;cur iu asthma due to cArtUac 
^H and reiial trouble. 

^^1 ASTHKA. 


^H 


Sex. 


Bederih. 


"SS? 


BloblB. 


RoHrin. 




M. 

P. 
M. 

M. 


5,500,01)0 


83.600 

19.300 

IB. 800 

13,000 
»,TSO 


50 


Fifth. TPHipcratutw WW Bto»- 

T>[.ical broncltial AHttiina durim 

imroKfam ; polfnuclettr r*Hi. W 
per ceiil. 


^H For Pneomouia, see page 184. 

^H For Phthisis, see jiage 255. j^^^ 

^H For Ali6ce88 of Lnug, Bee page 23o. ^^^| 

^K S-)-plU1.IS OF THR l.UNQ. ^^| 

^H Iq a case of Hvpliilitic infittratiou of the lung (autopsv— ^^^| 
^H Ooimcilman aud V>'ngljt) recently oltserved at Uie MamaclnSH 
^P Hospital the leiicocyten n»se rapidly fmm 8.700 to 27.400 tt 1 
^^■^ death approachetl. 



PART V. 

DISEASES OF THE NERVOUS SYSTEM, COX- 
STITUTIOXAL DISEASES, AND HEMOR- 
RHAGIC DISEASES. 



CHAPTER Vin. 

DISEASES OF THE NERVOUS SYSTEM. 

NEURITIS. 

In a single case of multiple neuritis, febrile and apparently 
of an infectious nature, the following counts are found in the rec- 
ords of the Massachusetts General Hospital : 



Date. 


Temperature. 


Red cells. 


White 
cells. 


Per cent 
hffimoglobio. 


July 10th 

** 13th 


101' 


4.816,000 


25.000 
24.800 
18.700 
21.000 
16.000 
28.700 
19,500 
23,200 


42 






" 16th 








*• 20th 








** 25th 




4,320 000 


60 


« 8l8t 


(No fever. ) 




Aueast 7th 


a u 






** 20th 


u u 








1 







The patient, a boy of eleven, recovered and left the hospital 
"well. 

But these changes occur also in alcoholic (afebrile) neuritis, 
as the following counts show. 



Ctae. 


Red cells. 


White cells. 


Per cent 
hseniOKlobin. 


1 


3,608,000 " 
3.260,000 

• • • • • • « 


15,000 
14. 000 , 
13.700 
11,200 

7,700 

6,700 


75 


2 


64 


3 


60 


4 


68 


5 


80 


6 


82 
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Iii all cases the couute were made just at meiUtiitie, so I 
the ieucocjtosia is not due to digeetion. Gastritia was Dot 
pitiseut in either case. 

One case of ]KiBt-diphtlieriti<.^ oeBritis in a child of ei|;bl 
sliowed the preseDce of auiemia oul,v: Red t-ells, 3.850.000; 
white cells, 7,393; hiemoglohin, 70 per cent. 

Neuritis in lead poisoning does not affect the count of lew^o- 
cjtes, as tweuty-tive cases studied at the MatwachiisettM HoHpiUJ 
liave shown. 

Neurafffm, whetlier facial, intercostal, sciatic, or nvariati. 
showed norma] blood in nnmerons cases examined at the Masiia- 
chusetts Hosjiitol. 



DIS 



:A9ES of the BBAIX. 



3le}ii)igitis (see Infiammatiou of Serous MembraneB, pa^e 248). 

Znppert in one case of hmia ahscfsit foaud only 4,000 wbite 
celts. 

Ill fHti'liifViniinyitia /ttrmon-hagica and tvrehral nfjthiti* (ni» 
case of each) v. Jakscb found leucoc.ytosis. M.<' own vxp^rieiuw 
luis been the aaine. 

Ven-fmil ami cfi-ebeUar finnors have no effect on the blood m 
far as could be jutl^ed from nine counts in the former ai»I thiMt 
in the latter dixease. Von Jtiksch found slight leucocytoHis in 
two cjwes of brain tumor and one nf cj/jt/ iVrrcoKw. Zapjiert found 
tiormal IiIikmI in one case of cerebral tumor. 

Fifah tiTetiral liemmThnr/c uxuall.y causes lenciK'vt'isis, as the 
followiut; table shows: 









Whlls 
nik. 


f^r^ 




Agft 


8«x. 


BedodlR 


Itlubln. 


M 


4a 


M. 




81.000 


OS 


^H 


n-i 


M 




80.000 
















Auto]»7. ^H 






10.400 






70 F. 




16,800 


68 














Aut<>ii»>'. ^M 






B.6W.000 


15.600 


SO 




m 


M 




la.ftoo 


TO 




m 


M 




10.400 


58 




87 


H. 




10,800 


00 


Auto|>ej. H 


AS jU. 




10,300 


60 


1 
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CHOREA AND TETANY. 

Chorea showed in twelve cases normal blood except for in- 
creased percentages of eosinopliiles, as in Zappert's two cases, 
which Louga confirms. 

Burr has made a careful study of the blood in thirty-six 
cases and arrived at the following conclusions : There is usually 
a slight diminution in red cells and a moderate diminution in 
hapmoglobin. Any severe grade of anaemia is due to some com- 
])lication. He did not record the leucocytes. Tetany shows no 
blood changes. 

DISEASES OF THE SPINAL CORD. 

Chronic diseases of the spinal cord, such as tabes dorsalis, 
syringomyelia, spastic paraplegia, diffuse myelitis, paralysis 
agitans, and progressive muscular atrophy, are found to pro- 
duce no changes in the blood. 

For Spinal Meningitis, see page 249. 

GENERAL PARALYSIS OF THE INSANE. 

Capps ' has made a careful study of the blood in nineteen 
ciises and comes to the following conclusions : 

1. Red corpuscles and hiemoglobin are always slightly dim- 
inished, the averages being 4,789,900 and 85 per cent. 

2. Most cases show a slight leucocytosis — 22 ])er cent above 
the normal on the average. Early cases may have no leucocy- 
tosis. 

3. The differential counts show that the blood is slightly 
iJfler than that of normal adults. The polymori)honuclear leu- 
ecwytes average nearly 74 i>er cent and the smaller forms of lym- 
phocytes only 14.2 per cent, while the larger forms of lym])ho- 
cytes are relatively numerous, averaging 7.8 i)er cent. In a few 
cases the eosinophiles were very numerous" (8.7 and 6.4 i)er cent) . 

4. At the time of co)iVftlslonii the red cells and ha?moglobin 
are apparently increased (due no doubt to the violent muscular 

* American Journal of the Medical Sciences, July, 1896. 

*Roncoroni (Archiv. di pRichiat. Scien. ISW, p. 293) f^nds eosiDO- 
phileA increased even to twenty-five per cent in the agitated and violent 
cases. 
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cuntractious wLicli raise blotnl pressure auil cononDtratol 
blood, or to cyanosis). 

There is a suddeii and prououuued increase in Uie leoooejli^' 
during and after convulsions or ajMjplectiform attAckii. TliAl 
this is not due to concHntration of the blcxl or to stasis Cappn 
thiuks is shown hy tlie fact that not only tlio nntulter Imt the 
differential count of white cells show changes, the " larije mono- 
nuclear" ceUa being relailvdy increased, sometimes as liitth m 25 
per cent. Myehcyten were seen in one case after the convnkiniw, 
and especially just before death when in a leuoooytnsw of 18,2S0 
11 per cent were myelocytes.' 



HYSTERIA AND NEURASTHENIA: HYltK^HOSDRlASia., 



A large number of cases have been oouuted at the ' 
chnaetts Geoernl Hospital, with u \-iew to excluding i 
diseases. The hloo<l count is always uormal except that in a 
certaia number of the L^'9terical cases eosinophiles are rvla- 
tively iucreaseil, ami that many of the neurasthenics slmw the 
increased percentage of Iyniphocyt«« which I have alluded 
to above (page U7) as characteristic of a variety of debilitatMl 
conditions. 

Marked autsmia is seldom present, although the ha-miiftlobtn 
is not iufrequentl.v as low as 65 per c^nt. Beiuert' found the 
haimoglobin under 60 per cent in only 4 oat of 48 caiwa of hjrs- 
teria, and in »"/«; of 'A\i ueuraatiiouica. 

The value of the blood examination in such oases, like tltat o( 
the uriue or the luugs iu hysteria, is as negative evidence, and in 
tliis respect it is imi>ortant. When the discrepancy betw«fl 
complaints and signs is great, we want to be doubly sure that 
Dothing hidden escapes our notice, and t)ie lilotwl examiitation is 
one of the most valuable adjuvants we have in the discovery ol 
deoi>-seated iiifiammatiou or malignnnt disease, as wfU an in 
giving us a general measure of the jiatient's degree of bodily 
health as distinguished from nervous force. The fonnoT roar 






be high when the latter is loi 



r both may lie low, nud the di»«— H 



' Leucorytonii )iaB b«r«o r«pe«t«dly noticed in roovalBioDa from ruiotW' 
uses ProliabI}- the irriUnl which caiucs Uie motor itiachBrgw tito 
tlip l(^ii(MK-jrto8 by Mi(>mo(aiis. 
'Mdurh- uied. W,x^h., 1S05. No. U. 



CONSTITUTIOXAL DISEASES. 



315 



n marks out two cl«ssea of t-ases in whieli Boraewhat dif- 
ferent treatment ia appropriate. There is no use in undertak- 
ing to make " blood and fat" when the patient has already plenty 
of each, tboiigh it may be well to carry out the same regime as a 
matter of suggestion. 



^I 



MENTAL DISEASES. 



The association of aniemia with insanity is too frequent to be 
\ mere coincidence, though it is hard to make either serve as a 
cause for the other. Very possibly they should both be looked 
n|>on as symptoms of a common underlying (unknown) cause. 

This form of aniemia has been noticetl by Houston ' in mel- 
ancholia and general paralysis, and by Smith' in various forms of 
insanity, 

Krypiakiewicz' noticed an increase of eosinophiles in acute 
forms of insanity but not in the chronic forms. The l^ucoci/to- 
nU of actile Jelirium' is exenipHfied by the following case from 
tlie Massachusetts Hospital records : 

A girl of iifteeu; acute delirium; leucocytes, 12,750; no fo€>d 
for eight hours; red cells, 4,510,000; hemoglobin, C3 per cent. 

Puerperal mania is to be distinguished from the delirium of 
puerjwral sepsis by the fact that the latter shows leucocytosis 
with increased percentage of polymorphonuclear cells, while 
the former has no leucocytosis (if uncomplicated) and the 
eosinophiles are a;>t to be increased * (diminished in sepsis). 

A case of puerperal mania seen by the writer showed; Eed 
cells, 5,-21O,0O0i white cells, 6,500; hemoglobin, 84 per cent; 

(inophiles, 8 i>er cent. 
Oe 
Bit 
St. 



CONSTITUTIONAL DISEASES. 
OB&SlT\'. 



Oertel distiuKuishea a plethoric and an ansemic form i 
»ity not merely clinically but by the evidence of [mst-mortem 

: Boston Med. and Burg. Journnl, January lllli, 1S94. 
■ Smith : Jour, of Meat. Sc . October, 1890. 

KrypiakifwicB; Wieii nii'd. Woch., 1802. No. 25. 
'Ref. in Klein -VolkiiiBnn'B "Snmnilung l<lin. Vortr&ge," December 
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examinations. He believes tliat there is a real over-fiUlnK 
the vessels iu the first. The second form occurs most often iu 
women. 

Kisoh examined (with v. Fleischl's instrument) the h»nic>- 
ylobiii of 100 ol>eee patients ; 79 showed over 100 i)er oont <4 
L^moKlobin, 1 reaching 120 i>er cent, while the other 21 



tobJ 



There is nothint; characteristic about the bliKwl excwi"! Um* 
increased amount of suj^ar to lie det<*ctetl (.57 per oeut as at{aiDf>t 
,1 uorraallv); but this is not a cliniwillv applicnblt* ttvt. 

Two simple tests for diabetic bltMxl liave recentlv uttractwl 
attention : 

1. Bremer's test: Heat thick-spread blood 61ma to ISa- C, 
cool and stain with ime-i>er-ceut uipieoiw aulntion of ConRO rml lor 
two minutes. The blood if diabetic looks yelloic (to tlie naked 
«>\ e). Normal blond similarly ti-ej»t<»d ItMiks red. HtmuinK with 
methyl blue also shotrs a difference Ixttweeu iionii&l blond and 
diabetic blood. The normal is blue, the diabetic yellowiah 
green. 

2. WilliamBou's t«at: Make a mixture of 



AquMiiH riieUij't blue (1 :fl,0(IO). . 
Lii{U»r i>i>UBew, 60 per reut l«p. gr. , 

Water 



1.088).. «c. 
. 40 r. 



Let the mixture stand three to four mtuutos iu bnilini; « 
Witli dialietic blood the mixture turns yellr^w, with uonoal i 
it d'>es nut. Williamson has found this test jiositive iu e 
diaVietics and uei^ative in one hundred coses tif othor (list 
Bremer claims that by his method cases of diabetes oAn tit 
reco){nii<e<l lx>fore sugar apix^ars in the urine or oftt^r it has 
(temporarily) disajijieared. Le GofT confirms the value of Uio 
tost. Eicluier and Folkel find Bremer's reaction ti> lie as stated, 
but find similar wilor (•liiinK<'s in leukicmia, Hod^kiu's disrtuHi, ,_ _ 
and Oraves* disease, and changes something like it iu a rariet.v^i^ 
of cnt^hectic conditions. Bailger has studied the !)1(«mI of dia— — ^ 
l>eU<'B. leukiemicB. cases of Onives' disease, and other c 
the Massachusetts Ho.iipitjil. Only in Graves' diseaw didj 
tind reactions like those of diabetic blood. 




uty has been said to be greatly tli minis lied, espe- 
cially ill tbe fatal coma, but v. Noorden thinks the teste are 
imreliable. 

Fat is often increased in the blood, up to about twelve times 
the Q<.>rnia], so that the serum is milky, and glycogen has been 
demonstrated microchemically iu tlie cor[)iiscleB. 

tlM Cklh. 
Sugar in the blood draws water from the tissue into the 
vessels, thereby JHuttrtrf tha hhxid : but in a sliort time the blood 
frees iteelf of the excess of sugar and fluid through increased 
diuresis s6 as to concend'ate the blood. 

These two aiternatiug influences serve to explain the widely 
lUffcrent conutfl nf diffureut olMervers. 

TuwanI the end of the diHease a decided cnckexia often de- 
velops, tbe autcmia of which may be temjmrarily coveral up by 
the concentration above noted, or accentuated by the (JtUilioii 
which aometinaea occurs. Accordingly we may find the corpus- 
cles increased, normal, or diminishetl in diiferent cases or at 
different times with the same case, 

Grawitz counted 4,900,000 red cells in a patient in compara- 
tively good health, and three weeks later, wlien the patient bad 
just been seized with the fatal coma, the count showed 6,400,000 
per cubic millimetre. 

The white cells show no constant clianges, except that v. 
Ximbeck has noted in several cases that the digeation-leucocj- 
tosis is unusually large eveu without previous fasting. Von 
Jaksch found leucocytosis in one of his eight cases, but on this 
point as on many othere his results are almftst unique. The 
only similar observation is that of Habershon.' who reports 
miNlerute leuciwyosis, decrease<l by strict diet. In thirteen 
vaHes I have never seen leucocytosis. A .single case of diabetic 
.4B0ntA showed 4,200 leucocytes \wt cubic millimetre. 



i^ GOUT. 

A few cubic centimetres nf serum from gouty blootl made acid 
"*-ith acetic acid (sis drops of a twenty -eight- per-cent solution 
Ijiachm of serum) deposit crystals of uric acid on i 
Bartliolomew Hosp. Rep., 1800. p. 153. 
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thread in from eighteen to forty-eight hours; but this is not al- 
ways to be found, and is by no means i)eculiar to gout.' Uric 
acid is to be found in the blood in pneumonia, cirrhotic liver, 
nephritis, grave anaemia, leukaemia, and gravel; also in health 
and after a meal of calf's thymus or any food containing much 
nuclein. 

The red corpuscles show no special changes except in severe 
chronic cases which are sometimes anaemic. The white cells are 
increased according to Neusser, while v. Limbeck and Grawitz 
found the blood wholly normal.' 

It- is particularly in this disease that Neusser supposed the 
" l)erinuclear basophilic granulations" to exist in the white cells, 
which he believes to be characteristic of any " uric-acid diath- 
esis." Futcher has conclusively disproved this. Fibrin is in- 
•creased in acute cases. 

MYXCEDEMA. 

Le Breton' examined the blood in one case before and after 
thyroid treatment and found after forty days' treatment that the 
red cells had risen from 1,750,000 to 2,450,000, the white from 
4,500 to 9,600, and the haemoglobin from 65 to 68 i>ev cent. 

The remarkably high color index in this case before treat- 
ment (nearly 2. !) corresponds with the observations of Le Breton 
in the dried specimen, which showed a decided increase in the 
size of the red corpuscles. He also noticed before instituting 
the thyroid treatment the presence of nucleated red cells and 
an excess of the polymorphonuclear form of leucocytes. Under 
treatment the nucleated red cells disappeared and the lympho- 
cytes rose to their normal per cent. 

Putnajn ' has watched a similar case in which the red cells 
rose from 3,120,000 to 5,700,000 under thyroid treatment. 

Murray * has collected 23 cases with blood examinations. Of 
these 7 showed normal blood, 10 were anaemic, 4 had leucocyto- 
sis, and 2 had both anaemia and leucocytosis. 

' It is important to evaporate the Berum at a temperature not above 70* 
F. , otherwise crystals wiU not form. 

' Le Breton : Ref. in Wien. med. Blatter, 1895, p. 49. 

' Putnam : Ref. in Murray's article in "Twentieth Century Practice f)f 
Medicine," vol. iv. 

* Murray : ** Twentieth Century Practice of Medicine," vol. iv., p, 710. 
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Kraepelin * noticed (like Le Breton) a marked increase in the 
average diameter of the corpuscles in three cases, even when the 
count and the liaBmoglqbin were normal. 

I have had an opportunity to examine the blood in three 
cases of this disease, but did not find anything remarkable in 
any of them. 



Case. 


Red cells. 


White cells. 


Per cent 
HaBmoglobin. 


1 


4,670,000 
4,460,000 
4,856,000 


6,000 
8,800 
5,200 


87 


2 




3 


80 







Di£^rential counts were made in three cases and no increase 
in the size of the cor])Uscles, such as Le Breton and Kraepelin 
saw, was present in these cases. The count showed : 



Case. 


Polymorphonuclear 
cells. 


Ljrmphocytes. 


Ek>sinophiles. 


1 


67 
67 
74 


28 

27.8 

26 


5 


2 


4.4 


3 









The increase of eosinoi)hiles in two of these cases may per- 
haj)S be due to the skin troubles present in the disease. 

J. J. Thomas found a few mvelocvtes in a case of Putnam's. 



CRETINISM. 

Koplik' records the following in t\i'o cases of sporadic 
<?retini8m : 

Case I. — Fifteen months old; ailvanced stage of disease. 
Haemoglobin, 18 per cent. 

Case H.— Red cells, 3,026,000; white cells, 13,500; haemo- 
l^lobin, 105 i^r cent. This high ha)moglobin corresi)ond8 to 
yionual fixial blood. The child was nine weeks old, but its back- 
ward development is mirrored in the blood. As the case im- 
proved under thyroids the haemoglobin came down. 

' Kraepelin r Deut. Arch. f. klin. Med., vol. xlix., p. 587. 
» New York Medical Record, October 2d, 1897. 
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GRAVES' DISEASE (BASEDOW'S DISEASE; EXOPHTHALMIC 

GOITRE) . 

The blood is nonnal, except for an occasional associated 
chlorosis and sometimes a marked lymphocytosis. In one c^se 
I found 51.3 per cent of lymphocytes and 1 per cent of mye- 
locytes in 1,000 leucocytes, the polymorphonuclear cells beinj; 
only 48 per cent ; but in fourteen other cases I have never found 
tiiiii again. The same fact has been noticed by Neusser (cited 
in Klein, lor, rif,). 

Oppenheimer* found the red cells and haemoglobin normal in 
two cases. Von Jaksch' in one case " complicated with my x- 
oedema" found 3,818,000 red and 8,000 white cells. 

The association of Graves' disease with chlorosis is illus- 
trated by two cases from Zappert :' 



Case. 


Red cells. 


White cells. 


Per cent 
hiBmoglobin. 


1 


2.858,000 
2.738,000 


8,800 
3,800 


32 


2 


30 







The same writer found eosinophiles much increased (8.6 i>er 
cent) in one out of four cases. 



ADDISON'S DISEASE. 

Some, but not all, cases are accompanied bj^ marked anaemia. 
Neumann* observed a case in which the symptoms came on 
acutely and the red cells sank to 1,120,000 xier cubic millimetre. 
During the convalescence which followed the cells ran up above 
normal, reaching 7,700,000. 

Tschirkoff * reports two cases in which the red cells were re- 
spectively 3,280,000 and 2,933,000 at the lowest, but whose 
haemoglobin was extraordinarily high, over 100 per cent in one 
case. This he found on spectroscopic examination to be due to 
a great increase of reduced haemoglobin in the corpuscles. 
Metha>moglobin was also noted. 

The white corpuscles showed no changes, quantitative or 

> Deut. med. Woch., 1889, p. 861. 

*Zeit. f. klin. Med., 1893, p. 187. 

3Zeit. f. klin. Med.. 1898. p. 266. 

* Neumann : Deut. med. Woch., 1894, p. 105. 

'Zeit. f. klin. Med., 1891, vol. xix., Suppl. lief t 37. 
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kUtatlTe, except that they [Toutaiued black pigment ^aimles. 
Three eases hitve Ih^d examiueil at the Massac liusettH HoMpital. 
The first, a woman of thirty, showeil 6.240,0(10 ruil cl>1Is with 
14,000 white, imd 90 jier cent of hieiuoghAiiu. The diflferential 
count of 900 leiKKK-ytes showed the following fisures: Polymor- 
phomicltarcells, 53.4 per cent; lymphwiytes, 41i)erceLt;eosiDO- 
philes, 4.5 jier cent; myelocytes, .1) per cent. 

The eosiuophiles were very large, aome of them eosinophilic 
myelocytes. 

The second, u man of forty-two, was very aniemic and weak 
itt t'utramie and showed: Red cells, 2,19tj,000; white cells, 
7,.500; liR-moglnbin, 20 per cent. Differential count of 2(M> 
leucoct^es showed: Polymorphonuclear cells, 65 per cent; lym- 
phocytes, 31.5 per cent; eosinophilea, 3.5 per cent; five normo- 
blasts; marked poikylocytosis. 

Vnder suprarenal extract Ids blood improved in a month till 
bis red cells nmnlwred 4,700,000; white cells, 9,000; hiemo- 
globiu, 65 fter cent. 

The third a man of fifty-two, showed: October 20tb — Red 
cells, 2.84H.O(KI; white cells, 4,800; hfemoglobin, 45 per cent. 
Dbceralter lOtli— Red cells, 2,624,0tVI; white cells, 7,100; haamo- 
globin, 45 ]>er cent. Differential coiuit; Polynnclear, 74 per 
cent; small lymphocytes, 22 per cent; lar^je lymphocytes, 4 per 
cent; eosinophiles, .4 jier cent. No nudeatetl red cells. 

A fourth patient, kindly sent me by Dr. Rogers, of Dor- 
chester, showed: Red cells, 2.S(i4,IKXt; white cells, 2.01X1; 
hiemi^U'Jbiu, 51 per cent. Differentiid count of 300 cells 
showed; Polymorphonuclear cells, 63.3 i»ercent; lymphocytes, 
33.3 [>er cent; eosinnphiles, 2.3 per cent; l»isophiles, .3 per 
cent. 
[ I have never seen meltinin in the leucocytes as Tschirkriff did 
s two cases. 

OSTEOMALACIA. 

Tie WoikI has for a long time Ix'en supposed, on the author- 

. Jaksch (Ztil.f. Hill. Med., Vol. 13, page 360), to exhibit 

ihed alkalinity, the bones being snpposed to be eaten 

l^ttcids in the blood. Von Limbeck and many other ob- 

lave lately shown that the blood is normal in alka^ 
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Corpuscles and hemoglobin are usually within normal limits 
quantitatively, but Neusser reports an increase of eosinophiles 
and the presence of myelocytes in the blood. 

Bitchie' confirms Neusser and found also the young leu- 
<;ocytes more numerous than normal. 

Fehling, ' Sternberg, *Chrobak' found no increase of eosino- 
philes. 

Eieder's case was normal in all respects: Bed cells, 
4,892,000; white cells, 5,600; eosinophiles, 3.6 per cent; poly- 
morphonuclear cells, 61 i)er cent. 

RICKETS. 

1. AnsBmia is always present in severe cases and often in 
moderate ones. This, together with the fact that many cases 
of rickets are associated with an enlargement of the spleen, has 
led to the use of the misleading term '^ splenic ansemia." There 
is no form of anaemia found in rickets that may not be found in 
other conditions (Morse). 

Hock and Schlesinger found an average of 2,500,000 red 
cells in a considerable number of cases with and without en- 
larged spleen. 

Von Jaksch describes a case in which the red cells sank from 
1,600,000 to 750,000 within three months, and Luzet saw a 
similarly rapid i)rocess, the cells falling from 2,110,000 to 
1,596,000 within three weeks. On the other hand, in Morse's 
admirable study of twenty well-marked cases the red cells aver- 
aged over 4,500,000 and not a case fell below 3,500,000. 

2. The hsemoglobiu is always relatively low ; it averaged 63 
per cent in Morse's cases, a color index of about .7. Felsenthal 
got similar results. 

JVhite Corpuscles. 

It is often difficult to say whether or not the leucocytes are 
increased, owing to the occurrence of most cases in infants at an 
age when leucocytes are always higher than in adults — how 
much higher at any given age depends largely upon the degree 
of vigor and forwardness of develoi)ment of the individual child. 

In Morse's series, for example, the average age of the infants 

* Edin. Med. Journal. June, 1896. 
•Cited by Ritchie (loc. cit). 
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is twelve months. And for this age none of the counts in his 
series seem to me necessarily abnormal. They are all under 
16,000 except three, these three being 17,900, 18,800, and 22,000 
res2)ectively, the latter in a nine months* infant. Many of the 
counts seem to me subnormal for infancy (5,500, 7,200). Most 
observers find leucocytosis present in many cases, but not in 
aU. 

QuAUTATivE Changes. 
Red Cells. 

As in all anaemias of infants, the "^ degenerative" and ** re- 
generative" changes are relatively common. 

Polychromatophilic forms and nucleated corpuscles are fre- 
quently to be found, the latter often in great numbers but with 
a majority of the normoblast type. 

White Cells. 

Lymphocytosis is said to be marked, but, as with the ques- 
tion of leucoc^'tosis, we are never quite sure whether the numliers 
are abnormal for that agt, for lymphocytosis is the normal con- 
dition in infants' blood. 

When, however, as in a case mentioned by Bieder, we find 
75 lymphocytes in every 100 leucocytes, the child being four 
years old, we are surely dealing with a i)athological condition. 
Another of his cases, a seven-months' child, rachitic, with 57 
per cent of lymphocytes, seems to fall within normal limits. 
Not so with Morse's cases. The highest |>ercentage of lympho- 
cytes in his series was 69, in an infant of two months. I have 
similar counts in health at that age. The average of his twf^nty 
cases is 43 per cent, which is, if anything, rather low for thai 
age. The same difficulty arises with regard to the rejH>rtH 
of eosinophilia in rickets, since eosinophiles are always rela- 
tively numerous in infancy. Morse's high^sst figure was 7 
per cent, his average 3 per cent. They were highest in cnntm 
with splenic tumor. In Bieder's four cases and in the thrfo 
seen at the Massachusetts Hospital, no eosinophilia was prfw>rit. 
Myelocytes in small Dumber f.5-2. per cent) are not uncr>mmon, 
and may be considerably more numerous. 



CHAPTER IX. 

BLOOD DESTRUCTION AND HEMORRHAGIC DIS- 
EASES. 

1. PURPURA HiEMORRHAGICA. 

The blood is practically that of anaemia from hemorrhage 
(red cells and hsemoglobin reduced, white cells increased, occa- 
sional nucleated red corpuscles or polychromatophilic forms). 
Agello ' has found methsemoglobin in the blood, and hence con- 
cludes that the disease is a poisoning of the corpuscles by 
ptomains absorbed from the intestine. 

The blood plates are much diminished and may be entirely 
absent in the worst stages. 

Bacteria of various kinds have been reported in the disease, 
but negative results are also common, and their presence is 
probably not significant. 

The red cells may fall as low as 2,500,000, but are much 
oftener slightly or not at all diminished. In many mild cases 
there are 7io demonstrable blood changes. On the other hand, 
Osier mentions a case which sank to 1,800,000, and the loss of 
blood may give rise to a fatal anaemia of the microcyte type 
(see page 158). 

Bensaude ^ has observed that in 16 cases characterized bv 
large hemorrhages (2 = acute "infectious, ".2 with tuberculosis, 2 
chronic, 10= Werlhof 's disease) the clot shows no retraction and 
no transudation of the serum. Gases with small hemorrhages 
(toxic, rheumatic, cachectic, and nervous) do not show any such 
abnormal characteristics. Hence he concludes that at the outset 
of a case of purpura, observation of the clotting process may 
enable us to foretell whether or not the case is to be of a severe 
or of a mild type. He found the blood lesion above described to 

iRiformaMed.. Napoli, 1894. p. 103. 
' La Semaine Med., 1897, p. 21. 
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be greatest daring the hemorrhagic crises, slowly disapx)earing 
between them. Hayem has confirmed these observations. He 
finds the fibrin network almost invisible. Despite this and 
despite the absence of contraction in the clot, the actual rate of 
clotting is normal. 

SCURVY. 

There are no characteristic blood changes known. When 
hemorrhage is severe the red cells may sink very low, to 557,875 
iu a case of Bouchut*s; Ouskow and Hayem saw counts of 
3,500,000 and 4,700,(KX). The usual qualitative changes of 
secondary anaemia are present in severe cases ; haemoglobin suf- 
fers as usual more than the count of red cells. 

Leucocytes are generally increased, whether from hemor- 
rhage or from some complicating inflammatory i)roce8S. 

Barlow's disease mav lower the red cells as far as 976,000 — 
as in a case of Beinert's — the hsamoglobin being seventeen j>er 
cent and the white cells 12,000. This was the day before death. 
In any form of scurvy the blood plates may be much dimin- 
ished. 

HEMOPHILIA. 

The blood changes are practically those just described and 
show nothing characteristic of the disease. Coagulation is 
slower than normal and blood plates are sometimes very scanty. 
The white cells are sometimes persistently diminished as in the 
following cases : 

I. 





Sept. lltlL 


Sept. 14th. 


Sept. 17th. 


Sept. aoth. 


Sept. '28d. 


Sept. 24th. 


Red cells 


«,M0,000 
a,400 

4S per cent. 


• • • • 

3,400 

■ • • ■ 


isoo 

• • • • 


3,900 

• • • • 


i'rdo 

64 per cent. 


3,800.000 


White cells 

HaerooKlobin 


49 per cent. 




II. 




February 8lh. 


February 28th. 




4,400,000 
5,000 

80 percent. 


3,600,000 
5,000 

88 per cent. 


* 

Dally nosebleed. 
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BLOOD DESTRUCTION (U^MOCYTCLYSIS). ■ 

I. Bet^ideu the slow destruction of corpcuicles wliich tnkm M 

place in any ordinary Hiiieiuia, we have a (^roiiji of couditiiMia w 

ander which a large Qumber of red cells are sndtleuly destrov^xl B 

in the circulation itself. This may take place hy — V< 

1. Separation of the htemoglobin from the oorpuHclc^ so that H 
it coloi-s the serum. Vj 

2. Actual breaking to pieces of the reil cells withont sejuir^ wt 
tion of the hremoglobin. ■ 

If normal blood is <b-an-n and left to stand, the Benim irhieh ■ 

separates from the corpuscles is not red-tinged or but Yerr I 

slightl.t' so, provided all shaking and jarring are avoided. A very 1 

slight reddish tinge may appear in the seniiu even with mmt 1 

careful technique. In some conditions the he^moglobin, whiii> 
Dot actually separated from the cor]>nscles within the vessels, ia^ — ' 

so loosely oonuei'l^d to them that a considerable quantity ae[ia' 

rates )>ost mortem and colors the Bernui in spite of the avoid— — 
ance of any jar. 

This condition is to be distinguished from true hiemoglobiu *- 

inmin, in which the serum is actually colored before leaving th^^»-« 
vessels, although the two conditions really represent only di(— ^K- i 
ferent degrees of viilnerability of the red cells. j 

We are surer of a diagnosis of luemoglobiDiemia when we 6u4^^«3l: 
bits of broken-down cells in the fresh blood and the additiona. 
evidence of hjemoglobinuria or jaundice. 

1. Severe forms of malaria, yellow fever, typhns fevrr" 
si'vurci forms of septicaemia, and rarely scarlet fever may caiu 
hiemoglobiDfemia. 

2. PoroTiidmal h(Fmo<ilohiii(Fmia, so-called, is a variety wboi 
cause is unknown and which does not seem se>condary to > 
other disease, unless a certain relationship to syphilis tic * 
tahlished, and to malaria. Tlio ntt4U'ks are bmught on by 
Kreat variety of causes (cold, moBcnlar or mentiil strain. (ftc.H — < 
Some jiersons can always bring on an attack by putting Uie hand 
or foot into cold water. 

Blood ExntiiitKilioii. 

Coagulation is very rapid, but the clot soon dissolves ■ 
(Hayem). The fresh bloixl iH-ciisionnlly shows defoniuti*^ 



^H BLOOD DBHTRUCTION' (H^MOCYTCI.YHIs). 827 ^^H 

in the corpuscles or bits of brokeu cells, atid lack of rouleaus ^^H 
if examined during n paroxvflm, As a rule tlie corpuBcles of the ^^H 
l«?ripherftl blood look iiurmid. Fra7«r has recently reported a ^^^| 
case iu which lie excited a paros\nni by a cold bath and studied ■ ^^^| 
the blood with great care. ^^^| 


Time. 


Ibiii «lli. 


While wlta- 


„.^L;rji:.. 


nicvd [.lion. ^^^1 


10 A.M. Before bath... 

11 115 *_M, Tm-nty-flTe 

n 45 (urine <l(irk) 


4.07B.0()0 

3.683.800 
3 Tftn.000 
4.30<K00fl 
8,800,U(MJ 
4.100,000 


1.^.000 

21.800 
2I,3(H1 

ai.siio 
i7.:iM) 

18.7110 


M 

no 
m 

5(1 
50 
50 


450.000 ^^H 

flOO.UOO ^^H 

52S.000 ^^H 

4.ZS0,OOD(I} ^^M 

1.6110.000 ^^M 

SOO.OOO ^^H 


8.43p,ii 

Next day. 1 P.M 


The PUoriDoufi iucrease of " blofxl plates" is strikinj;. It is ^^H 
<liffiou1t to rej^ist the conclusion that these blood plates were HU ^^H 
of bniken red corpuscles. The seram was currant -jelly colored. ^^H 
The apiiearance of the corpuscles was quit« normal. ^^^H 

All that is known of the disease is expressed by saying that ^^H 
for some reason the red cells are abnormally seiisitw, so that any ^^^H 
one of a variety of slight disturbances Is sufficient to separate ^^H 
their hfEmc^lobin and set it loose iu the plasma. ^^^H 

3. Extensive burns Lave been rejwrted to cause hremoylo- ^^H 
bioipmia with breaking up of the red cells, preBnmabl,v through ^^^H 
changes in tlie serum similar to those which make duodenal ^^H 
nicer so common a sequel to bati burns. ^^^| 

4. Snake poison and scorpion poison may have similar ^^H 
effects. ^H 

n. Anfither group of corpuscle destroyers is that which ^^H 
works by changing the htemoglobiii to meflupmogJobin, The ^^^| 
mout important of these is — ^^^| 

1. Chlorate of Potash.— This destrovs the corpuscles aud pro- ^^H 

(lice, dark urine, et«.) due to this. ^^H 

Brandenburg' examined the blood of a woman who had taken ^^H 

two and one-lialf ounces of chlorate of potash in water the night ^^H 

before. The blood showed marked leucocytosis, broken and ^^^| 

^B ' k1i». Woch., Na ^^^^^^^^^^H 
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^H distorted red cells. In groiw it wan clim-olat^MiQlorwi and tlw ^^H 
^H BeruiD after eeparutinu of tbt- dot wne lm>wti. Tliv red fleOa T 
^H progreflsively decreased as fullows : ^ 


^^H Second day 


3.r>oo,i)on ^^^H 






^^1 Stzthda; 1.IW0.0IH) ft 

^H SeveathdAj 1600.000 in.Onn(dMtb). BL 

^f 2. Ehrlich and Liuilenthiil ' rejH.rt Ui.> c»Re of « iwtirnt ■ 
^1 who waH iK>ifioued with nitrolx'Ui'.nl. Ten honrs niter the hlood ■ 
^M wan chocohite-oolored /lud showed methieiaoslobiD bands. I'n- 1 
^P der the micnwcope there were ao changes till the third day. 1 
^M when poikylocytosia apjieared. 1 




Baderib. 


WMModto. 


Pn-OTH 


£^ 


^m Fifth .lay 

^H Seventh day 

^H Elevtuatli day . 


a.sn.-s.ooo 

1,845,000 

I.OOO.OOO 

806.000 

].ioa.ooo 

900. BOO 


Much increawd. 


SO 
40 


a.uTO 

7.M0 1 

M,7oo(-r ^'^ 

1S.000 

1.300 
MO 


^H Ueventetmth day . . 
■ " dralh. 


^B The nucleated red cells were at fir^t mostly nnrniahUitta — lij 
^H later mostly megaloblasts. j 
^B 3. Antipiiriti ami aiilij'rbriu in doses tif thirty to forty -litw'-^ *H 
^H grains may cause (jreat cyanosis and dangerous iirostraliow*: -» "• 

^H In certain liersous much smaller doses jirodnce tlie same effr«t»=*^ 
^B 4. Phnimdui jxnmmimj (Kmnig: li.rl. kH». IVnrh.. ISHoSrs-^^ 
^M may cause actual bloiHl destruction with auiemia in caw tb»«A^, 
^H juitteut 8a^^'ives the immediate effects of the ileprivation ik:v "(I 

H Hospital showed 14,4(H) leucocytes with 54 per cent of hanicf^vo- 
^f globin. 

5. Ph'ysphnrun jxniioiiiii'j (see Liver, page 2U0). 

6. Workers in aniline dyes and nitroglycerine bntories nm^j'^ ■ 

' Zeit. t klin. Mud., 1886, p. 4S7. ^^J 
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be severely poisoned by nitrobenzol compounds inhaled and pro- 
docin^i; methsBmoglobinsemia. 

7. Pi/rogaUic acid and pyrogaUol as used in treatment of skin 
diseases may lead to death through destruction of the red cells. 
Chromic acid (for instance, as applied through the vagina) may 
hiive a similar effect. 

Many other less common substances work the same ill-effects 
on the blood. 

III. A third group of substances, of which carbonic oxide gas 
is the type, poison by combining chemically with the litemo- 
globin and preventing its combination with the oxygen of the 
air. 

1. lllnminating gas is for our purposes the most important 
of this group. 

The ap|)earance of individual blood cells is not altered nor 
do they break up, but the corpuscles are useless to breathe with, 
as the\' cannot take up oxygen. 

The color of the blood is very bright red, much brighter than 
normal. 

Red Cells. 

Von Limbeck* found in two cases 6,630,000 and 5,700,000 
respectively. The volume of these cori>uscles (estimated by 
Bleibtreu's method) was greatly increased, amounting to 70.7 
i>er cent (normal 41-48 per cent), so that apparently the size of 
the individual cells is increased. 

Miinzer and Palma" found 5,700,(XX) red cells in one case. 

Leucocytes. 

Eaton* reported four cases, in all of which the white cells 
'Were increased, the counts ranging between 15, (XX) and 22,(XK) 
X>er cubic millimetre. 

Miinzer and Palma ijoc. cit.) found 13,3(X) in their euHe. 
iTwelve such cases have been examined at the Massachusetts Hos- 
I^ital with the following results : 

' Lac. cit. . p. 284. 

• Zeit. f. Heilk., vol. xv., p. 1. 

' Boston Medical and Surgical Journal, March 14th, 1895. 
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ILLI^IDNATINO OAS PoUOMIta. 



1 














While rellK 


glnblo- 




41 M. 




31 200 




Cnmk; moovetj. ^^| 


40 


M. 




37. IW) 
19,WX) 




September 18th. enUwdy wtO. 














1» 






an. 470 


(17 




«> 


M. 




22.900 

ai.aoo 

15.500 


7S 


November 27th : conj». 


60 


H, 




30,400 


70 
















4A 


M. 




80. 100 




r.imn- ilnalh ^^^ 


IK 


F 




iH.noo 


84 




19 


M. 


4,»ao.ixio 


17,000 
17.500 
17,000 




IliKwmberSSd. ^H 
Deocmber SSrl. ^H 



Warthen' repmrts the same condition in a single caae. Herei 
tile Hjtecific fp-avity wns also very high (r. Liinlieck finds tbafl 
this is to be explaiued by the iucrease iu the actaal siae of tbf? 

Wb(>u there is nay doubt Ha to dia^^uosis, tlie folloning Intfll 
will settle it: Shake a Hinull 'juautity of freHWtrawu blood intc: 
tlirce times its volume of 8ul»i(tet)>.t(' of lead. If the blood ctm- 
tftins CO the luisture becoiiien of a fine red color; otht^rwiafi it 
tumii (;Lo«'olat*'-oolored.' 

2. Pa Costa (.Vc/. Neu-x, March 2, 189d) re|>orted a cooaider^ 
able diraiuntion in hfomoglobin of patientii dnrinii fthrritationm 
Mil Mt-ially auipmji- |mtiaiite, but the investiRHtiotis of Lerher ' 
do iiot coufirni this. 

Taunt/ I'umiiiiiiij.—K single ease examiueil at the Mnr-af 
chusetts General H.wpitfil showed: iRed cells, 4,fia),0lK); wbil«3 
cells, 21, (MH); hii^iuo^ltiblu, 70 |ier cent. 

Vontmhe Poimitimj (Ammouiii Fumes).— A [tatioDt wbovtf 
iliroat was covered witli u tiliriuou.s itseuilo-ineiubrane lu iniiiiii I 
(juence of inbaliug ammonia fnmes showed a lenoncvUwiii it^ 
25,6l.K). Bed i^ells aud hxpmoglobiu uonual. 

Opium PiAHinitiiii (Chronic),— The majority of cases of Uik 

' Vircrhow's Archiv, vol. c»xxvi. 

' Rubtivr Z-it. t snsl. Cliciiii(>. xss.. p. 118. 

*lD«ug. Diwert.. BMel. IHW («ee p. lOi). 
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morphine habit show normal blood, but in October, 1897, a 
man of twentj'-six entered the Massachusetts Hospital for the 
morphine habit who showed at entrance 36,000 leucocytes 
per cubic millimetre. Five days later the count was 21,200. 
A differential count of 500 leucocytes made on this day showed : 
Polymorphonuclear neutrophiles, 71 per cent; small lympho- 
cytes, 12; large lymphocytes, 10; eosinophils, 6; myelocytes, 
1. At the time of leaving the hospital he still showed a leuco- 
cytosis of 16,400. He had no fever and physical examination 
was entirely negative. 

Piomain Poisomng (Botten Fish). — A mother and her four 
children were brought to the Massachusetts Hospital suffering 
from the effects of decayed fish eaten that day. The blood 
showed the following : (1), mother: leucoctyes, 21,600, of which 
95.3 per cent were polymorphonuclear; (2), boy of seven years: 
leuccx5ytes, 19,900; (3), boy of three years: leucocytes, 56,800, of 
wliich 92 i)er cent were polymorphonuclear ; (4), girl of five years : 
leucocytes, 32,600; (5), girl of thirteen months: leucocytes, 
65,400. The red cells and haemoglobin were normal. All the 
patients made prompt recoveries. 

ACUTE ALCOHOLISM. 

It has been shown experimentally that in animals made 
drunk with alcohol, there is an invasion of the blood and tissues 
by micro-organisms from the intestine. It may be that some of 
the counts here recorded are thus to l)e exi)lained. 

Acute Alcohousm. 











Per cent 




Age. 


Sex. 
F. 


Red cells. 


White cells. 


hsBino- 
globin. 


Remarks. 


M 




15.900 


• • 


Two weeks drinking hanl. 












Temperature 102' . die<l ; D.T. 


H8 


M. 




14.200 


74 


Temperature 101*. 


42 


M. 




12.000 


62 


Temperature lOr ; D. T. 


»2 


M. 


8/946, bob 


10,200 
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44 


M. 




9,600 
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29 


F. 
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8,000 


55 
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87 
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7.450 
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M. 




5.700 


68 


Autopsy. 
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M. 




5,600 


• • 
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PART VI. 

MALIGNANT DISEASE, BLOOD PARASITES, 
AND INTESTINAL PARASITES. 



CHAPTER X. 

MAUGNANT DISEASE. 

The Blood as a Whole. 

1. The specific gravity is reduced in most cases, running 
roughly parallel with the haemoglobin. . 

2. Coagulation is normal or slower than normal in uncom- 
plicated cases. When sloughing and inflammation are i)reaent 
it may be rapid. 

3. Fibrin is usually normal ; an increase means inflammation 
in or around the tumor or an inflammatory complication. 

CANCER. 

Red Corpuscles. 

As in tuberculosis, we are frequently surprised to find but 
little diminution in the number of red cells. In all but very ad- 
vanced cases this is the rale. It is a change of the individual 
red cells (i)allor, loss of size, of weight, degenerative changes), 
rather than a reduction of numbers. 

Nevertheless in the later cachectic stages of most cases of 
malignant disease, we do find a quantitative anaemia, the counts 
often running as low as 2,5(X),000 and occasionally sinking as 
low as in pernicious anaemia. Thus v. Limbeck records a case 
(complicated by repeated hemorrhages) with only 950,000 red 
cells per cubic millimetre. The lowest of my own cases was 
1,457,(XH) per cubic millimetre. 
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There seems to be no considerable diflference between cancer 
and sarcoma as regards their effect on the red cells. The fol- 
lowing table summarizes our cases : 

Table XXXIX.. A.— Gastric Cancer. 

Rfcd Cells. • 
Between 1,000. 000 and 2. 000, 000 4 cases. 



2,000,000 " 3,000,000 11 ** 

3,000,000 " 4,000,000 23 " 

4,000.000 ** 5,000,000 15 ** 

5,000,000 " 6,000.000 16 ** 

Over 6,000,000 3 " 

Average, 4, 090, 000 + 72 

Nucleated red cells present in eleven cases out of fourteen examined. 
Normoblasts always in majority. A few megalobiasts in three cases. 

Table XXXIX., B.— Gastric Cancer. 

Leucocytes per Cubic Millimetre. 

Between 3,000 and 4.000 lease. 

4,000 ** 5,000 4 cases. 

5,000 " 6,000 17 " 

6,000 " 7,000 9 « 

7,000 " 8,000 8 " 

8.000 " 9.000 8 " 

9,000 ** 10,000 9 •* 

10,000 " 12,000 6 " 

12,000 " 15,000 4 " 

15.000 " 20,000 12 •* 

20.000 - 30,000 5 ** 

30,000 " 40,000 3 " 

Total. 167 counts in 86 cases. 
Average. 10,600 + 

As will be seen by consulting Table XXXIX., A, the 
ooant of red cells is sometimes above normal, doubtless due to 
oonoentration of the blood from some cause. Probably the same 
influence is at work in other cases, and many of those showing 
normal counts have really fewer red cells than they should. Such 
abnormally high counts are not rare, as the foUowing examples 
show: 
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Author. 


Caae. 

1 
2 
8 
1 
2 


Affection. 


BedoeUa. 


Per cent 
haemoi^lobin. 


Osterspey *. . . 


Cancer of the sttmiaoh 


5,040,000 
6.184,000 
8,280,000 
5,085,000 
4,918,000 
6,200,000 


80 


Osterspey 

Osterspey .... 


Cancer of the liver and stomach 
Cancer of the inillet 


87 
48 


Neubert • . . . . 


Cancer of the stomach 


73 


Neubert 


Cancer of the liver 


70 


Beinert* 


Cancer of the stomach 


77 



I wish to lay some stress upon this point, because it has been 
stated by some recent writers (e.g., Grawitz: "Pathologie des 
Blutes," Berlin, 1896) that the red cells are almost always dim- 
inished in malignant disease. 

The high counts in cancer of the gullet are obviously to be 
explained by the lack of liquid taken, the blood being greatly 
concentrated as in any other form of starvation. 

That this increase is not invariably present (see Table XL., 
page 345) is doubtless because some oesophageal tumors permit 
the ingestion of liquid in normal amounts and of a certain 
amount of solids. 

The highest counts in the Massachusetts Hospital series are 
in simple gastric cancer without any stenosis at either end of the 
organs (see Cases I., m., XVI., and XXI.), and the lowest 
count (1,632,000) was in a similar case just before death. Tak- 
ing all the cases of cancer in this series together, the average of 
the seventy-five cases at the time when treatment began toas 4,140,- 
000 red cells per cubic millimetre. 

Hcemoglobin. 

Bierfreund,* who has examined seventy-two cases with re- 
gard to their percentage of coloring matter, found that in rela- 
tively slow and long-standing cases it averaged 68.5 per cent, 
and in the worst cases 57.5 per cent. In cases of mammary 
cancer after operation the hsBmoglobin is of course lower owing 
to hemorrhage, and Bierfreund noticed that as a rule the hsemo- 
globin began to rise toward normal much later than after opera- 



» Dissert, Berlin, 1892. 

* Inaug. Dihsert. , Dorpat, 1889. 

» " Zahlung d. Blutkorp. . " Leipzig, 1891. 

^ Laugen beck's Arch iv. vol. xli. 
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Ignant couditiona — a week later on the average 
— iiiid that it never reached the jxilnt nt which it u-a« (lef-rre Hw 
operation. ' 

feThe following table from Biertreuiid ia of iuterest as 
Ufitratiug ttiene poiiils. Casen were esamiuej before and 
ber operation, aud the examiiiatious were ooutiuued daily 
fcer the operatiou until tlie liiemoglobiii began to riHfl 
again. This occurred very late aa compared with other 
operationa. 



1 ^ 




Percent 
after 


Percent 

tOM. 




cotaplicatiou. 
V>rr large or rapiJly grow 

hmtirs with "gofteniug" or 

[iisturbnnces of function. 


uti.r> 

56.6 
57.5 


30,7 


15.5 
18,3 
17.8 


33 liaya. 
37,8 days. 
27 days. 


1 Total. 72 casea. 


Av., 80 


A v.. 42.8 


17.2 


Av., 26, 9 days. 



^H By " regeneration time" is meant the number of days 
^^apBed after operation before the hemoglobin lie^ins to me. 
After opei'ations for otlier causes (uon-maliguaut) the average 
T^eueratiou time is fourteen to twenty days. 

It IB very importaut tliat tliese results of Bierfreuud's should 
be testeil. In Mikulic^i's surgical clinic at Brt<slau all patients 
have their hteraoglobiu tested regularly. In this country' the 
Dorgicnl portion of the profession have not as yet taken hold of 
blood examination, and many questions about tlie blood in snr- 
)jioal affections remain unanswered. 

Reinbach' examined ItJ owes and found the hiemoglobin range 
between IS to 70 per cent, with an average of 50 per cent. 

Rieiier's' cases average 5.3 percent (sarcoma much lower — 
^^pe below). 

^^m ' This is all the more eitraorilloary because Bierfreunrt xpecially noted 
^^bt even in patients who gained weight notably after the operation the 
^^Knioglohin did not rise an high as it had been before nperatlon ; he 
^^Klch«d them for montha after it. Apiparently the actual presence of 
^^^B tumors is not the only caune of the Uch of conxiscle nulmtance, 
^H^*Langenheck's Archiv, 1893, p. 486. 
^^m *"Beitr&ge e. KenntDiss d, I.,eucocyto«is," Leipzig. 1893 (Vo^i'l). 
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Laker ' untii^etl tlio low lia-mugloblu jierceutugi' iu luiUigl 
tamoTH and thuught it a lie)]) iu t-xclatliug beiUKn tiinkim or 
hiberciiIoHis, in which tlie lifemoKlol>iu m inucL Wx ilimituiili*^!. 

In tlie 87 cases of inaliguaiit tiiiunrs ia wliicli I have in At* of 
the hweinoplobin (spp tables) tlie averajje is 5S jxr cent, t-'oiu- 
paring this with the average <'onnt nf red cplls (4,140,(KKti, wr 
Kflt a color index of .65, lUstinctlv hi^hfr than tbe nvt'nij;e nf 
chlomtic CAsea, of wliich, however, the fitjnres distinctlv reniiii<l 
na. The highest cases of this series hud 100 jier c^ut and '.•" 
[jer cent of htemoglobin respectively, and the lowest 20 per "-nl 
and 22 |>er cent; in these last two c-asea the color ludeses «rerv 
.Hf> and ..'SS re8|>ectivel,v, not excessively low. As |ioiiit^l not 
by Taylor ihc cU.) cases of maligiiuiit disease cku he tlindMl 
into three gnmiw with reference to tlieir blood: 

1. Those with ap[iroximately normal blofxt, 

2. Those with a low hemoglobin but a nearly uonu&t iiaiu- 
ber nf cells. 

'A. Those with great diminntiou Itotli in cells and oolorini; 
matter. 

Among onr own cases at the MassaRhnsetts Hoapilal abi>ut 
one-half full nuder the second groH[i. oue-iinartcr under tlm fintl, 
and oneh-tjiiarter under the third. 

As the ilisea^e proKresses, tlie red cells and hieinof 
steadily go down (except in cancer of the gullet), and i 
time of death 1,000,000 cells per cubic millimetre ia not r 

The color index usually remains below 1. Compared to ai<at 
other varieties of secondary aniemia {e.g., those in tuboirnloMia 
or nephritis) a iiuantitative antemia— that is, a loss of red «'e]la 
as well as of hwinoglohin— is relatively more frecjuent. In gen- 
eral the degree of auiemia is parallel to the amount of (-actHvia, 
except when hemorrhage increases it (as in tumors of the stnm- 
ach or uterus). 

How far the aniemia may be due to actual destruction of oelb 
by toxic (?) products of the tumora ia doubtful. Grawitz foaod 
that tlie injection of extracts of cancerous tissues cnnsod ia 
rabbits a temporary dilution of the blood, so that the oells pcv 
cubic millimetre were diminished, and it may In- tliat tlii» | 
Bome port in the causation of the low blood counts. 

' Wien, med, Wocli.. IHSfl. No«, !« and ttl 



tlm fintl, 

id «»^H 

t nwe?^^^ 
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Qftallfoflvt Chajiffcs, 

(a) The average diameter of the red cells is often dimiuisbed 
either (as in chlorosis) by a diminution of the size of nearly 
every corpuscle, or by a less general shrinkage, many cells being 
of normal size. The very large forms seen in pernicious anjemia 
are rare in the anaemia of malignant disease, and never, I think, 
rem^h the size of the giant forms seen in the fonner ccmdition. 
Very small cells, on the other hand, are as common in ad- 
vanced cases as in any other form of anaomia, excei>t chlorosis. 
Deformities and degenerative changes are very common in well- 
marked cases, often as great as in i)ernicious anaemia, though 
they may l)e slight or absent. 

According to Strauer, the defonnitie^ found in malignant dis- 
ease are greater than those found in any form of tul)erculosis, 
and this fact he thinks of vahie in diagnosis. This observation 
hjis l)een confirmed bv Taylor. 

Deije tie rati ce chanfjes are sometimes well marked, but seldom, 
if ever, reach so extreme a condition as occurs in many crises of 
jiernicious ansemia. 

(It) Xarleated red corpttscles are the rule in all advanced 
cases, and in some others. Taylor found them in ime-half of 
the twenty -two Ciises examined by him. Malignant disease dif- 
fers in this resi>ect from tuberculosis and most other conditions 
involving secondary antemia, in that the nucleated red cells 
are much more common in cancer and may ai)pear even when 
there is no considerable loss of red cells (numerically) or even 
when the Inemoglobin is also normal (Schreiber). I have found 
them in four-fifths of all severe cases examined. 

As a rule the nucleated corpuscles are of the normoblast 

types (including small forms with dividing nuclei), but in very 

cachectic cases we may find megaloblasts as well — always, so 

tar as I know, fewer in number than in the normoblasts. This 

constitutes one of the points of distinction between pernicious 

anaemia and the severest types of seccmdary anaemia, such Jis 

oceur in malignant disease. The megalobhists, when i)resent, 

are in the minority as compared with the normoblastw. For 

ex^iHiple: 

2> 
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_ , ( Five niirmoblasL*. / „ ... ^. ,-,, , __ 

Case I. ^ _, 1 1 1 ^ f Been whilu (.■aimting 400 btnoc 

j Tlire« tiie^loblaeta. \ " 

^, „ I Two nomioblaals. 1„ ,., ,. , 

Cfuui II. < ., 1 11 . > Seeu while countinic 6 

r, XI \ Five normoblasts, i „ , ., ^ ,i^. „ 

Case III. ', , . , ■ Seen wtiili' fouutiUK 200 r«lb. 

( No ivegsioblaaU, I 

Cases could easily be iuulti]>lied. 

The (thtiracteriRtii-s of titp bl<j<Hl cliniiges in muli^iutiit iliwaM^ 
then, BO far as cuiitwrnfl tlie red wlls, are Ukmp of sei-oiidnTj 
aiiwmia, whicli at tinicH nttniim tlie xevtreHt tyjte— but 011I7 
when cai^hexia is tnarkeil, or when hemorrhage comi>lii-aipi* (li« 
diHea^e. 

The B|iecitie i;m\4ty foUowH in n ^enernl way the hfemoylolun 
pQrcentajj;e. 

Od the u'/iite corjuutdfii in m»V\giia.iit (Uoetiae a great de«l{f 
intereHi haH centred, and very conHicting reports haro htm 
publinlied. As* the effet^t^ of vnuoer and sarcoma seem to bt 
somewhat different we n-itl consider them 8ei>Hrat«l<;'. 1 

1. The LEXTCXHTVTEfi IN C.\N<XR. 
(o) Quantitnlire Cham/tn. 

We Hhonld eiiMwrt Krest differences in the blood of differtot 
coses if we consider whut a wide range is included lM>twM>n tb« 
small, hard, alow-growing, i-urablo cant-er of the liji whicb ni»T 
produce little or uo iQi]mirmeut of tlie general hvalth, aud tt^ 
" fulminating," raimlly growing cases with numerous metastnw* 
and profound iirtjtttratiou. 

The former clasH of cases may show a bloixl uorual io u 
respects, including a normal leucocyte count; whilv in the Ut^ 
the blood may be so profoundly altered as to be ronftuied ww 
that of [pernicious ana>niia nn the one hand, or with that of k^ 
ktemia on the other. 

In a general way it ninv W said that the more "moligD*"' 
the <»ise« the greater the changes in the blood. 

The effect upon the leuciH^ytes du|>euds U])OU the follo*l>C 
conditions : 

1. The position of the tumor. 

2. Its siise, rapidity of growth, and the number, mat ,t^ 
position of its inetastases. 
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3. The resisting power of the individual. 

1. Pfmtion, — (a) Tumors of the gullet involving stricture but 
not extending to other tissues are oft^n accomi)anied by a dim-' 
inutioii of the leucocyte count, owing to the star\'ation which 
they produce. This is not true of all cases, as is shown in the 
accomx)anying tables, but when the leucocytes are increased there 
is usually an involvement of other organs as well. 

(/>) Cancers of the uterus and some of those of the stomach, 
by reason of the hemorrhage which they produce, are apt to be 
associated with a very high leucocyte count. 

(r) Tumors of the thyroid and of the pancreas are said by 
some writers to cause a specially great leucocy tosis. In my own 
exi>erience, tumors of the kidney have shown very marked in- 
crease of white cells. 

2. Size, — Other things being e<iual, the larger and more 
rapidly growing tumors show in most cases a greater leucocy- 
tosis than small, slow-growing ernes. 

Thus the cancers of the lip and of the pylorus, scirrhus of 
the breast or of the penis, show smaller counts than tumors of 
the liver, omentum, and kitbiey, which are apt to grow more 
rapidly. Metastases in the bone nian'ow are thought by sonio 
observers to give i>eculiar (qualitative blood changes (see below). 
In general, metastases, being a method of rapid growth, 
simply add to the leucocyte count. 

These distinctions eliminate some of the apparent contradic- 
tions bet\i'een the findings of different individuals who were 
simply describing cancers of different tyi)es. But even within 
a single type, there are very marked differences in different 
cases. For instance, Alexander' found the leucocyte count in 
cases of scirrhus of the breast to vary between 2,3(>0 and 21,700. 
Similar differences have lieen reported in cancers of the stomach 
{e.y.y Schneider' finding leucocy tosis in all of twelve cases, while 
Oster8i)ey' in another series of twelve cases found leucocy tosis 
iu only two). 

3. Resisiing Power. — Possibly a part of these differences is 
to be exi>lained by differences in the resisting power of the in- 
dividual. But if this is so, we cannot measure the endurance of 
a given patient by his general health. As in the Civil War the 

1 Alexander : Thdse de Paris. 1887. 
Mnaui;. Dissert.. Berlin. 1888. 
*Inaug. DiHsert.. B^^rlin. 1892. 
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pale, citv-bi-ed meii fmtlastfKl tlie Lettltliv fanners, w) here U< 
tumor's rapiditv of growth seenia ofteu to l>e greitttwt in the 
most vigorous jouuy iudiviilualH, ivbile tlried-ni) old women will 
resist its advance for a loiiyer period. 

We come now to tlie conditionn to l>e found in particular 
types of cancerons urowtb. 

Sur]irinin^ly little work liaa been done tm Uie blood in malig- 
nant disease, sucli cases usually being tmder the charge of mir- 
genus who rarely vahie am-l] iriTestigatinua. Except for acattoivd 
coiiuta here aud tliere, all our knowledge of Uie corpiutcli^ t 
on the work of Hayem and Alexander in Franw, and Kie<I«r. f. 
Litrl)eck, Pt'-e, Sadler, Reinbach, Osterspey, Qrawitz, Straw 
S<'lineyer, and St-hneider in Germany. 

CANCER OF THE BREAST, 

Most of our data come from Hayem" and his jiopil Alesia^ 1 
der.' 

1. Scijrkim Growths, — Number of cases, 14. Average let 
cocyte count, 11,400. Highest count, 21,700; lowest, 2.360— tlie 
la»t is somewhat itoulitfiil an to diagnosis; except for this case, 
which was in a very old, dried-up woman, the lowest oonnt waft 
7.400. 

In 10 out of the 14 cases, the count was over 10.000. In the 
3 cases seen by tlie writer 2 showed no lencoc} tosia, 1 a consid- 
erable leucocytoais, 

2. MahiWmj (Finf/ilialoid) Groicllta.— Three cases, all ov«-r 
lO.tHW— average 11,300. 

Effects of Operalion. 
The following figures from Uayem are also of iuteroat; 
Case 1. — Scirrhus of the Breast. 

Bf ror« optrtitii<n 21,700 

Five wei^k« after operatkin (wound Dot 

quite healed) 10,000 

Wound completely healed fl.L'iXI 

Seven mnntha after operation e.tHiO (bpf^iBBingbiTiM 

The growth recurreil HOtne months later and leitcncytosis wm 
preiieiit. 

' Hnyeni : "Du Saiiir." Paris. t8«B. p. 9iT. 

'G. Alexander: 'Ete Li LeU''o<'y[i»>i8 douv lea Uoucen." Paria T 
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Case II.— Scirrlms of the Breast. 

First Second 

count. count. 

Before operation 11,500 11,450 

After operation 8,500 6.200 

Case III.— Scirrbus of the Breast. 

First Second 

count. count. 

Before operation 11,000 12.400 

After operation 8,400 

Case IV. — Scirrhus of the Breast. 

Before operation 7,400 

After o}>eration 1,300 

Case V.— Medullary Cancer of the Breast. 

Before operation 10, 000 

After operation 9, 000 

Hay em considers that by watching the leucocyte count we 
can predict the coming of a recurrence before any physical signs 
are present. This he did in Case I. of the series just given. 

I have seen no confirmation or refutation of this statement. 
It is one of the many points to which the attention of surgeons 
should be directed. 

CANCER OF THE STOMACH. 

Here we have a much larger body of data to judge from. 
Thus: 

Havem' in 12 cases found lencocytosis present in 5, absent 
in 7. 

Schneider* in 12 cases found lencocytosis in 12 (all). 

Schneyer* in 18 cases found lencocytosis in 4, and these 4 all 
under 11,000. 

Osterspey* in 12 cases found lencocytosis in 5. 

Bieder^ in 6 cases found lencocytosis in 3. 

Sadler* in 13 cases found lencocytosis in 2, and in both there 

were complications (abscess of liver, perforation of gullet with 

gangrene) to which the lencocytosis might be due. 

» •'Du Sang," Paris, 1889, p. 948. 
»Inaug. Dissert., Berlin. 1888. 
*Iiiaug. Dissert., Berlin, 1892. 

* Loc. cit. 

* OriKiDai-Mittheilungen aus der Klinik v. Jaksch. 1891. 
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Beiubach' in 4 ciises fniuKl l^m-ocytosiB iu 2. ^^ 

Beiuert ' in 2 cases fouud Iflucooytosia iu % 

Laacbe' in 5 cases fouud leiicoc.vtusiH id uotie.' 

Despite these facts we have the n^t^nl of a (tortain natnlv-r 
of single eases in wltich the leucucytosiH has lieou euurmuiu. 
For iustanc*, Welch in "Pejijier's KvMtem of MMlieiue" men* 
tiuued a cuse iu whioli the ratio of white to red celU wmt 1 : 29 
(normally 1:750 ±). Kiseulohr's ' case Hhowetl I whiti» ti> M 
reil, ami Potaiu's ' cane showed 1 whito to 48 red w«IU. 

The Massac buaetts Hospital series of Mi casett shouMl leQotv 
cytfais iu .W cases aud none in 5C> (nee Tabli- XXXIX.. B). 
Out of those showiuK leucocytosis 10 were uuiler 1'2.»0(), tlut u 
the leucocytes were hnt ali|;htly iucreased, leaving only 'HO ual 
of 80 (or twenty-three iwr cent) in which the leucocytosis wm 
Ter\ marked. Among these *iO. the highest counts were 40,000 
Hn<i 89,000, and the highest ratio 1 : fi2. 

In this series I have excluded all cases in which thvre WM 
evidence of metostafiis in other organs; this means excluding 7 
cases, B of which showed lencocytofis, aud helps U> aociunt for 
the low avpraK^ leucocyte count iu the other S6 iiastea. 

In over three-fourths of these cases the dia^rnosis was nuide 
eertaiu either by operation or by autopsy ; all the others showed 
Nther a palpable tumor iu old cachectic patients with pais and 
vomiting, or other e<iUHlly clear evidence for the dia^nMsu- 
Doubtful ca^es have been excluded. As will be aeeD by tlie 
table, iu some of tlie cases the counts were verified by repeatied 
examiuations, while iu others only a single count — that made 
wheu the patient entered the hospital — was rei'onled. 

As a rule, the high lencocjte counts were iu the more cachec- 
tic cases; but this does not always hold. Cases 10, H. u>d 
28 in Table XXXIX., A, were very cachectic but showed no 
leucoi-ytosis. 

The ixwitioD of the tumor in one or another part of the 
' LAnKpnix-ck 'K Archiv, 1808. p. 4S6. 

' " Dip Animie." CliriHtianiR. 1888. 

* ApiAreDtly. Hince he dmwB Attentixn To the fact (li»t tliere ii 
cjtoBiH in a r.a»e of caocPT Ol the ateruB. 

> Deiit. Arrh. f. klin. M«l., 1877. vol. XX. 
' Gu. dee H&p.. 1886, No. 67. 



DIGESTION LBUCOCYTOSIS IN CANCER OF THE STOMACH. 343 

stomach seemed to have no coimection with the number of leu- 
cocytes. 

On the whole, leucocytosis is relatively infrequent in cancer 
of the stomach, occurring in only about one-third of the early 
cases. As the disease progresses we may get a leucocytosis, par- 
ticularly in case its growth is rapid and metastases are frequent 
and numerous ; but some cases, particularly those in which the 
tumor is small and grows slowly, may run their entire course 
without any leucocytosis being present. In this respect they 
are like the majority of small, slow-growing cancers in other 
parts of the body (see below). 

Hemorrhage or perforation is of course accompanied by an 
increase in the number of white cells — in fact the highest count 
in the present series (105,600) occurred in a case in which a can- 
cer of the stomach with metastases in the liver perforated into 
the peritoneal cavity and started a virulent, quickly fatal peri- 
tonitis. 

DIGESTION LEUCOCYTOSIS IN CANCER OF THE STOMACH. 

A considerable body of statistics has accumulated to show 
that in the great majority of cases of gastric cancer the leucocy- 
tosis of digestion (see above, page 98) does not occur. B. 
Muller ' noticed this fact in 5 cases of cancer of the stomach. 
Bchneyer ' in 18 cases found it invariably absent, while in 3 cases 
of benign stenosis of the pylorus a considerable digestion leuco- 
cytosis appeared, as was also the case in 7 out of 8 cases of 
nicer of the stomach, the exception being a fatal case. 

He found both incipient and advanced cases to be similarly 
affected. In 5 of his cases and in some of Muller's HCl was 
])resent in the gastric contents, so that the absence of digestion 
leucocvtosis was not due to absence of HCl. 

Hartung {Wiener Min. Woch,, p. 697, 1895) in a series of 10 
cases (mostly advanced) found no digestion leucocytosis, where- 
as a marked increase occurred in cases of malignant disease of 
other organs. 

Capps ' in 17 cases examined at the Massachusetts (General 

"Prag. med. Woch., 1890, No. 17. 

*Zeit. f. klin. Med.. 1895, p. 475. 

' BostOD Med. and Surg. Journal, November 4th, 1897. 
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HoBpital found a digestion leucocytosis in 2, the increase being 
respectively 3,270 and 3,860 cells over the count before the be- 
ginning of digestion. In the other 15 cases there was no in- 
crease after a large proteid meal. Since Dr. Capi)s' article 20 
more cases have been investigated at the hospital, in 19 of which 
the digestion leucocytosis was absent. Thus in a total of 37 
casea only H, or eight per cent, showed cnnj digestion leucocytosis. 
In 5 out of 10 cases of chronic gastric catarrh the digestion 
leucocytosis was present; it was also i)resent in a case of benign 
stricture of the pylorus in a man of forty-nine on whom an 
operation was successfully i)erformed later. 

Three cases of ulcer of the stomach showed marked increase 
as did several cases of hyperacidity and other gastric disorders 
(see Diseases of the Stomach, page 280). 



CANCER OF THE STOMACH WITH METASTASES. 

Most writers have not separated the cases with metastasis 
from those without it. A glance at the seven cases of Table 
XXXIX., C, shows that with one exception leucocytosis was 
present throughout most of the disease. 

Table XXXIX., C— Cancer of the Stomach with Metastases. 



c 



o 
3 



Age. 



48 



41 
38 



66 



6 

7 



Adult. 
54 



47 



M. 



M. 
M. 



M. 



M. 
M. 



M. 



Bed cells. 



4.228,000 



4.272.000 
5,432.000 



White 
cells. 



5,168,030 



3,352.000 
4,160.000 



5,000 

6,200 

7,300 

10,000 

10.190 

13,653 

7,000 
14,400 
19.600 
21,640 
16,000 
24.000 
24.200 
22,500 
34.350 

30,600 
105,600! 



Percent 
haemo- 
globin. 



70 



57 
52 



70 
62 



60 



Remarks. 



January 23d. Stomach and liver. 
January 28th. mealtime. 
January 28th, three hours later. 
Stomach, liver, and glands. 
January 6th. Stomach and liver. 
January 12tli. 
January 22d. died. 
February 14th, no cachexia. 
March 6th, liver involved. 
Marcli 12th. 
March 17th, cachectic. 
Stomach, liver, and spleen. 
Stomach and liver. 



November 7th. cancer of stomach 
and liver. 

November 11th. 

November 14th, perforation peri- 
tonitis. 



CANCER OF THE I.IVER. 



CANCER OP THE GULLET. 



Meet authors are agteed that no increase — in fact nsnally a 
decrease — of white cellB is the rule iu this disease. Thus Rie- 
der found 6,900 in one case; Ostersiwy's two cases showed no 
leucocytosia, and Esclierich and Fee found similar results.' 
This is probably due to the fact that the position of the tumor, 
by causing starvation, tends to lower the leucocytes, while it be- 
longs to the class of small, slow-)^wing cancers which do not 
as a rule teud to produce leucocytosia, 

Kevertheless, two of the five cases in the Massachusetts Hos- 
pital series (see Table XL, ) did have leucoey tocis, i)erhapB owing 
to some metastasis or complication. There was no autopsy iu 
either. 

Table ZL.— Cancer op the Oullbt. 



No 


Age 


S«i. 


„,.. 


cells. 




Rrmukit, 


t 


M 


ii. 


S,4M8,(K>U 


6,800 
6.800 


100 


May nth. 
May 18th. 


2 


46 


F. 




7.000 
10.600 
5.400 
6,600 
9,860 




October 18tli. 

October l»th. before food. 
October 19th. aftt>r food. 
Octolier 20tli. 


S 


51 


M. 


3.824.000 


7.800 

11.000 


50 


Before food. 
Four h'lurs lat«T. 


4 


5fl 


Trt 


4.920.000 


8.725 


72 




n 


m 


M 




11.800 


30 








¥ 




11.100 


68 






47 


M 




15.400 


80 








M 




15.600 


60 




» 


«n 


M 


4.004.000 


16.400 




During digestion. 




S8 


F, 


4,600.000 


a0,600 


SO 





CANCER OF THE LIVER. 

(See Table XU.) 

Onl of fourteen cases, lencocytosis was present in eight — a 
larger proportion than in gastric cancer. The cases were not 
all primary in the liver or bile ducts, but none originated in the 
stomach, and in all the greater part of the growth was iu the 
liver itself. 

■ Reinbacb'i two cases allowed a diminution in the polvmorphonuclear 
cdla, which in all probability means a normal or diminished leucocyte 
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The comparatively great diminutiou iu tbe i-ed corpuf^cles 
will be Doted in the Table XLI. Tbe coadition both of ret] and 
white cells is doubtless due to the rapid growth of tumorH of the 
liver a,s compared, e.g., with those of the stomach or lix> ti^ee 
below). 

Table XLI— Cancer op tbe Liver. 
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Pio. St.— Chart of Leucocytee In n Caw of Ct 



ER v'F THH 'MEy 






Here the counts tajub^ fc«Ttn. jum. i*2ii .»"' 
Havem " found cancer ■:£ tiii* r^.-^nm % 
30cvte3. Beinbaeh * foomi in m?"^ -nfr* : 
mcKlnrate leueoevtosi:*-' Oai" 5 .or f ruf-rr 
(s^^ Table XLH. » showMi fecsLi:*!-:- > p-i-s. lziL 
was a cr»m]>li eating p»Tlr-5:iiirTtri:* '^Ti*:' 

CiJUlit. 

The red cells show little ehArh'H-. 



.• • --- 



t i 



L -T! 



Tabue XLIL— Ca5*i 









2 
S 
4 
5 
6 
I 
S 

5! 



41 
31 
» 
59 
66 
50 
58 
M 
Si 
47 

IS: 5S 



1 



Red 
cells. 



White 



1 56 M. 4.408,000 12,n» 



F. 
X. 
M. 
F. 
M. 
F. 
M. 
M. 
M. 
F. 
M. 
X. 



5.560.000 
4.Sr»1.000 
4.368.000 
4,mOO.OOO 
4J»H,000 
5,416,000 
4.160,000 



I lO 



2.434.000 
2.440.C00 



SilOO 
8.800 
5,fO) 
5.500 
7,150 
12,000 
15,200 
15.500 
7,400 
0,900 
5,800 
7,800 
6,800 



GO 
45 

• • 

88 
S3 
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• • 

50 
40 
55 
68 
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■ MetASta8»*i>. p :r..Mr\ r. ^.zzi.-t-i. 

■ MeUL<tas<>s. pnn.a.'y il -ii^r- ■■•1. 
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Cancer i.f t-«^'u:i.. • '^•r^ati•.•D. 

Cancer of I'a-'.-um. 

No dip*-stioii Vucc^-yt* sis. 



-■— r. 



J^tC.i«rf/.tJ«i. 



■«;V 



CANCER OF OMENTUM AND AHDOMINAJ. omJANS 

GENERALLY. 

The nine cases seen at the Massachusetts General Hosjjjtal 
in which cancerous tissue was pretty generally (listrilnitt>l 
through the abdominal organs, all showed leucoevtosis with t\\«» 
exceptions (see Table XLIII., A). 



' Loe. cit. 
^Loc. cit. 

* Apparentlj — Uiat ift. the percentage of a<iult cells was incrr?i<-i 
did not count the leaeocjtee an a whole. 
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Tablk XIAU.. A,— Oamckb of Oukktcu and ABOOnniAi. ObOaM 
Obnerau-v, 



i 


A«*, 
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^., 




IVr™., 1 

bmno- 1 Ranwta. 
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BO 

i„. 

A doll. 

« 
Aduli. 


r. 

H. 


».'Tri.(ii» 


Umilly 
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11.700 


«s,ssa 
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isffiffi 


i^-3^,-^.. 









CANCER OF THE K1I>NEY. 

Otfivecaspa which I have exam iued (aee Table XIjIH.. B^"' 
showed very lor^e leucocjte counts — viz., 25,(100, 'i7.lHXI, •iH.iilW, 
43.11X), 82.000, and 91.000, au averaKP of 64.000. In Uin-^'J 
these ciu^es, liuwever, the ttltuorH may have beeii HHtrouuita. M 
no micmscopio examination was mmle. Most of thi> i*Ai«i»s liw* 
fever, chills, and sinns of iuHammatiou, which may acfouiit loT 
part of the leucooytosis. 



Table XLIII.. B.— Cauckr {or Sarcoha) 
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s.n6.ooo 



4.ni,oao w.n» 




criai. It; luiie fyinpl 
phllei. t. AuMfH]-. 
tuppoasd leukKiDta. DlflMwHlal oovtt 1 
ri»iiv*llii: Poll.. Ml per «<MM; jyy ln 

nifnlahliisia, I, Auiopigr.* 
July %h 
Pol}'.. 9H |i«r mal : tjmpbrc>IM. t. 



CANCER OF UTERUS. 
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Von Limbeck's' case mounted steadily from 18,514 to 
80,541. 

CANCER OF THE UTERUS. 

In six cases Hayem ' found no increase — the counts ranging 
from 4,575 to 9,500 with an average of 7,800. 

Rieder," on the other hand, in a single case found 30,800, and 
the three cases coimted at the Massachusetts Hospital showed 
respectively 19,400, 22,250, and 34,900 (see Tables XLIV., A 
andB). 

There is need of more data on this subject. 

Table XLIV., A.— Cancer of the Utebub. 



i 


Aga 


1 


Red 
cells. 


1 
**"*• globin. 

1 


Remarks. 


1 
s 

1 
4 


48 

61 

81 
S8 


F. 
F. 

F. 
F. 


3,096,090 
8,288.000 

2,889,680 


19.400 
80,700 
84,900 

82,250 

20,170 


20 
76 


October SGth. 

October 28th. 

Differential count of 1,000 cells: Poly., 88 per 
cent; small lymphocytes, 11.7; eosino- 
philes, J2; myelocytes, .1. Two normoblasts. 

Ureter blocked; anmia nine days. Autopsy 



Table XUV., B.— Cancer of the Ovary. 



^ 


Age. 


1 

f. 

F. 


Red 

cells. 


White 
cells. 


Per cent 
hasmo- 
f^lobin. 

62 
. ...... 


Remarks. 


3 
5* 


m 


4,500,000 
8,248.000 


25.000 
32,800 


Operation. 
Operation. 



11 45 IM. I 



Cancer of the Prostate. 

I 10,200 I I 



Cancer of the Lip. 

1 1 61 I M. 1 7.000,000 I 6,800 | I 

Cancer of the Breast. 



81 
? 


F. 

f. 


6,000,000 

• • • • • 


8,000 

Not 

increased 




? 


f. 




Marked 
increase. 





Differential count of 600 cells: Poly., 72.4 

5>ercent; lymphocytes, 25.4; eosiiiophiles, 
t.2. 
Differential count of 400 cells: Poly., 89 per 
cent; lymphocytes, 11. 



Marked 
increase 



Cancer of the Neck. 

Poly., 88.5 per cent. 



Loc. cit. 



* Loc. dt. 



^ Loc. cit. 
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Table XUV,, B ( (■imd'iHwrfl . — Casckr op thk l*«!(cKBitB. 



J.V» Liver Md wieta «ta* 

iMO I OmtM ptffiMiilk 

Casckb 07 Vkrtebil« 



'I " ri I 



B SVPRAHENAL HODY 
... I Anlopny. 



Cancer of the Up has apparently been neglected so for u 
blood esumitiatiou is coucerued. Hayi«m, Riei«ler, and BeinliHli 
give but one c»ae euoli, tlie counts being resjx'ctivi'ly 7,0<ll), 11,- 
600, and "not increased." In a single case at th6 ManMchs- 
setts Hosj.ilal I found fi.300. 

TUe fiilliiwiuij; H(?attered counts may be added: Cancer of 
II tongue, 7,00(1 (H»y»-ui) ; cancer ol scrotum, 6,700 (Havrni); 

W^M cancer of navel, 7,100 (Haj'em); cancer of larj'ns, 7.200 

^B (Hayeni). 16.000 (Beinbacli); cancer of ovary. 25.000 (Mium> 

^^m chusett» Hi>s|>itJ^l) lu'l "oo iucreafle" (Tleiubacli) ; cancer ol 

^H[ neck, '20,000 (MasHachusetts HoHpitul) and " no increase" (Rod- 

^B^ bticb); cancer of paucrcas: Haycm. 2 ca«o.s— 9,400 and 0,900; 

^B Sclmeidm-, 1 casP-l'i.OOO; cancer of vaffiua, 9.800 (Biedsrli 

^k cancer of iienis. 7.0<K) (H^yeni): caucf-r of tliymid, 70.0nO 

^^1 (Uayem) (a vert' rapidly growing tutnor); cancer of topdui- 

^^B stinuni, "marked increase" (lieiubaoii) ; cancor of prosM^' 

^m io,'2oo. ^B 

^M 

H 

L 



IJiit,lHtili>-i- Ch'i 



"ocyia. 
tear ucutrophilM )s 



1. nie jfercentage of |Kilyiuor|) 
asunlly liigli in caseH nitli leucocytfjein and normal iu Uhm 
tbout it. Thia mie bokla for {lerliai m Uiree-fourttis of the nnnm. 
but tliore ar« many esceiitinua to it. For instance. Taylor* 
rei«)rts '^7,840 leucocytes witli fifl.6 jH-r cent i>olymorp)inniiele«r 
cells, 14,800 lenom^ytes with f)6.2 jwrcent ]>olymor|»)iooiiclatf 

Umun (Wifti. med. W.>ch.. 1896. p. 089) mpntiotu a canoar o( As 
pra«tnt« in which the leiicocylJisiB iosbrad at being made up niaatljr bjr iks 
adult iciicocrtfw. WHHiiMHiciRtfH] wHIi s Inr^H inrrraM-of Ihnnnall Ijrnplw- 
crt(^s M^elhur with uiiinerouB ivMiiiophilii; mvrlncytes. 

Tavit,. : Inivriisl .M.hI Mhk , July. 1887. 



THE BLOOD IN CANCER. 351 

cells, 26,000 leucocytes with 58.2 per cent polymorpLonu- 
clear cells, 46,000 leucocytes with 43.7 per cent polymorpho- 
nuclear cells, the last a marked lymphocytosis. On the other 
hand, he found 88.7 per cent of the polymorphonuclear cells in 
a total leucocyte count of 3,000. My own experience is similar 
--{.e,, 88 per cent of polymorphonuclear cells with a total count 
of 7,800 leucocytes, though I have never seen so marked a 
lymphocytosis as was present in Taylor's cases. He also 
noted a relative increase in the large lymphocytes which my 
counts have not shown. 

Beinbach found in 8 cases with leucocytosis 89 per cent in 
2 cases and 87, 86, 83, 81, 80, and 77 per cent in others. In 
the Massachusetts General Hospital series the following per- 
centages occurred: When no leucocytosis was present 88.7, 88, 
86, 79, 66, 62.5, 62, 60, 57 per cent, etc. With leucocytosis, 
»6, 98, 92, 90, 90, 88, 87, 86, 84, 83, 74 per cent, etc. (See 
Tables XXXIX., XU., XLHI., XLIV.). 

2. Eosinopliilea are not always notably decreased (as they are 
in many other leucocytoses) nor are they increased except when 
bone metastasis occurs (see below). In Beinbach's 16 cases the 
average percentage was 2 + per cent. In the Massachusetts Hos- 
pital cases the average was 1.2 per cent, but in 7 of the 38 cases 
in which differential counts were made, no eosinophiles were 
seen. 

3. JHyelocytes. — Perhaps more commonly than in other con- 
ditions except leukaemia and peraicious anaemia, we find in ma- 
lignant disease small percentages of myelocytes, as the following 
oases show : 

Case I. — Extensive abdominal cancer ; great cachexia. Six 
liundred cells showed : 



Polynuclear neiitrophilee. - 89.4 per cent 

Lymphocytes 10. ** 

EoeiDophiles 1 ** 

Myelocytes (3 in 600 cells) 5 

Case II. — Cancer of uterus; marked cachexia and leucocy- 
'fcosis. One thousand cells showed : 

Polynuclear neutrophiles 82.3 per cent. 

Lymphocytes 17.3 ** 

Myelocytes (4 in 1,000 cells) 4 

Case in. — Cancer of uterus; died two days later. Eed <'or- 
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puseles, 7,(MM),(K)0; white, <>2,(K)(). Considemble Htiinin heliw to 
explain the count. Differential count of 500 cells showed : 

Polynuclear neutrophiles 98 per cent. 

Lyinphocytefl 6 ** 

EosiuophileR 

Myelcx'vteH (5 out of 500) 1 



u 
a 



Case IV. — Cancer of liver, jaundice and cachexia; died s<»u 
after. Differential count of 500 cells showed : 

Polynuclear neutrophilos 92. per ceut 

Lymphocytes 6. ** 

Small myelocytes 1,2 ** 

Larj^e myelocytc^s (4 in 500) 8 ** 

Case V. — Cancer of abdomen; cachectic. Differential ctmut 
of 1,01)0 colls showed: 

Pnlynuclt*ar neutrophiles 82. per crnt. 

LyinphcK'ytea 16.6 ** 

KoHinophileH 1. * 

Myelocytes (4 in 1.000) 4 

Cask VI. — Cancer of stomach, liver, etc., with in^rfomttd 
stomach; cachexia. Leucocytes, 105,000. Fifteen hundrtnl 
cells showed: 

* 

Polynurlear neutrophileH 90. 7 |K»r cent- 

Lvmphocvtes 4.8 ** 

EosinophilcH 3 " 

Myehx'yteH (68 in 1.500) 4.:< 

Case VII. — Cancer of uterus; cachexia. In 1,000 cells there 
were : 

Polynnrlpar nPutro)ihileR 88. per cent. 

Lymphocytes 117 "* 

Eosiiiopliib's 2 •• 

Mvcl(»cvtt»s I 

Case VIIT. — Cancer of kidney; great cachexia. In l^^%^ 
cells there were: 

Polvniul»'.Mr iHMi»roi>lnl<»s 92.0 |)er <*fnt. 

Lymphocytes 6 2 *• 

Mv«'l«K*vt«*s 9 " 
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Case IX. — Cancer of kidney; great cachexia. Leucocytes, 
27,000. Five hundred cells showed: 

Polynuclear neutrophiles 66. percent. 

Lymphocytes 29. 5 " 

EkMinophiles 2. ** 

Myelocytes 2.5 ** 

Case X. — Cancer of liver. Five hundred cells showed : 

Polynuclear iieutrophi lea 92. per cent. 

Lymphocytes 5.8 ** 

Eosinophiles 2 ** 

Myelocytes .... 2. *• 



About one-half of all the cases of cancer examined by me 
Lave shown myelocytes. 

Epstein {JVieuer med, Presse, December, 1894) in a case of 
cancer with metastatic bone nodules noticed large numbers of 
nucleated corimscles (normoblasts and megaloblasts) and mye- 
locytes, but I think the association was a mere coincidence, since 
I find that myelocytes and erythroblasts are very commonly 
present in cachexia from any cause. 

SARCOMA. 

In general the effects of sarcoma are like those of cancer, but 
zcorse. Great anaemia and higher leucocyte counts are the rule. 
TThe literature of the subject is rather scanty. 

Red Cells. — Hay em in a case of osteosarcoma counted the 
Ted cells at 663,400 per cubic millimetre. 

Laker* describes an " abdominal cystosarcoma" in which two 
counts of red cells showed 2,800,000 and 2,500,000. 

Von Limbeck' in 1 case found 1,118,000, and in another 2,- 
240,000. Both were osteosarcomata. 

Sadler' in 3 cases found 2,710,000, 3,637,000, 4,500,000. 

Rieder* in 3 cases (all osteosarcomata) found 1,846,160, 3,- 
770,000, and 3,995,000. 

The Massachusetts Hospital blood counts include 15 cases 
in which the red cells were counted (see Table XL V., A and B), 
the average being 4,400,000, not nearly so low as that recorded 

» Wien. med. Woch.. 1886, p. 926. 
• Loc. cit. , p. 343. 
' Loc. cit. , pp. 88, 3r». 
*Loc. ctY.,pp. 98. 100. 
23 
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hy other observers; still low couuts occurred (2,706,000, 2,fl! 
000, 3,842.000). 

The qualitative changeB in the red c«Ila conflict (as io canc^ 
of the "degenerative" changes (deformities in size nnd Khji|K>, 
englnbnlar changes) present in niarke<l canes, and the preeence 
of nucleated coriiuscles, when cachexia is marked. 

Table XLV.. A.— Sarooma with Lkucx>cvto8u 
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TaBLS ZLV., B.-SABCCIHA WITBODT LBCOOCTroSH. 
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Small tumors are often withont iiuy effect on the blood J 
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Table XLV., B). According to v. Limbeck' this is oftener true 
than in cancer. 

Hcemoglobin. — Beinbach's' 20 cases ranged between 23 and 75 
I)er cent, averaging 52 i)er cent. 

Bierfreond * in 29 cases found variations between 40 and 75 
per cent. 

Von Limbeck's 2 cases had 28 and 48 per cent respectively. 

Bieder's* 4 cases showed at the beginning of treatment 29, 
56, 57, and 65 x)er cent respectively, but in 1 case the haemoglobin 
went down gradually while under observation until it reached 
6 x)er cent (!), the lowest point, Bieder says, that he has ever 
seen in any disease. 

Sadler's* cases showed 33, 45, and 78 per cent. 

In the 5 cases of Table XLY. in which this x>oint was noted, 
the average is 58 per cent. 

On the whole, the coloring matter seems to be more dimin- 
ished than in most cases of cancer. 

Leucocytes. — The following tables, slightly modified from 
V. Limbeck, show the important points. 



No. 


Observer. 




Couot. 


1 


Hay em. 
Alexander. 

u 
u 
u 
u 
«« 
tt 
u 
u 
u 

Rieder. 

M 
U 
tt 

V. Limbeck. 
Reinbaeh. 

u 

Mawachusetts Hospital. 


Osteosarcoma. 

tt 

M 
tt 
U 

u 

M 
U 
tt 
M 
M 
M 
U 
tt 
tt 
U 
U 
U 
U 

.4 

u 


11,250 


2 


52,700 


8 


16,480 


4 


16,275 


5 


17.060 
15.900 


6 


15,570 
13.020 


7 


10,950 


8 


12,090 
11.246 


9 

10 


12.700 

10,900 

9.100 


11 


8.000 


12 

13 


82.000 
26.800 
20.000 


14 


18,000 


15 


21.000 


16 


9,000 






Average, 


17,000 ± 


1 T^.eU 
*Tjoe, eU 


• Loc, cit. 
L * Loc. cit. 


»r^. i 


nt. 
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No. 


Observer. 


DiagDoaU. 


OoUDt 


1 


Hayem. 
Alexander. 

u 

u 
u 
u 

T. Limbeck. 

u 
u 

Sadler. 

u 
a 


Lymplioearcoma. 1 1 . 700 


2 


u 

M 

u 

M 
t< 
M 

a 

u 
u 
u 


19.910 


8 


19.530 


4 


11.696 


5 

6 


11.47U 
lO.-VKt 


7 


.V». llHI 


8 


3S.IXIII 





1().S<)I» 


10 


33.24>» 


11 

13 


19.299 
9.<M4 




1 Average. *2u.uuo-r 



No. 


Obeerver. 


DiAKnoda. 


Coimt. 


1 


Rieder. 

u 
u 

Reinhach. 

u 

Massachusetts Hospital. 

tt M 


Melanosarcoma. 

u 
u 
u 

M 

a 


41.6(N) 


2 


iiHJii*^ 


8 


22, 3* ill 


4 


2.'),<HMI 


6 


H.INHI 


6...«. 


37. INK) 


7 


la.lMll) 






Average. 


2.">. H»4- 



For other narcomatji, see Table XLV., A ami B. 
On the whole, leucoi^vtosis apiiears to be more constant auJ 
of greiiter extent in sarcoma than in cancer. 



Qfialifative Changes. 

1. The increiwo of polymori)h(muclear leucocytes which we 
find in most forms of leucocytosis is not alwayw i)re.seut in sar- 
coma ' and seems to he less freijuent than in cancer (rtet» Cii.s«*H 
5, 11, 14, Table XLV.) 

As in cancer, it may be present when no increase in the total 
leucoi^yte is to bo found, and may be the only indication <»f any 
disease in the or^^anism. 

2. A few ciisos are on record in which a lar^jo i)ercenta^;e of 
eosiiiophiles has Ix^cn i)rosent. 

Keinbach found 48 per cent of eosino])hile8 in a cjuse of sar- 
coma c^f the neck with slouf^hin^ and ulcenitivo end(K*arditis. the 

* Pal ma (Deiit. Mod. VV(K'h., WJii) reports lymphocyt08ki in sart'oina. 
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perceDtage contmuing over 40 for several weeks.* Autopsy 
showed sarcomatous nodules in the bone marrow. In another 
case, a tumor of the abdomen, the eosinophiles were 10.5 per cent, 
and in two others 8 x)er cent. 

A case of apparent sarcoma of the abdominal organs (no 
autopsy) at the Massachusetts General Hospital in January, 
1896, had 12.4 i)er cent of eosinophiles. 

Such cases should certainly make us think of bone metas- 
tases, and Neusser speaks of osteosarcomata as being accom- 
panied by eosinophilia, but the evidence is as yet fragment- 
ary. 

3. Myelocytes. — Beinbach's case just described had a low i)er- 
centage of myelocytes. 

The following cases illustrate the same point: 

Case I. is a case of sarcomatosis in a man in whom sarcoma- 
tous nodules were distributed all over the internal organs and in 
the skin. A differential count of 700 white cells showed in his 
case: 

Typical myelocytes (over 15/*) 2 per cent. 

Small myelocytes (under 16^) 6 ** 

Lymphocytes 22 ** 

" PolyDucltjar neutrophiles** 70 " 

Eosinophiles 1 " 

The autopsy showed no special lesions in the spleen, glands, 
or bone marrow, except those due to the sarcomatous nodules. 

' The fuU counts are as foUows : 



April 4th, 1808. 

Red cells 6,896,000 

White cells 120,000 ( ! ) 

Hsemoglobin 60 per cent. 



May 90th, 1808. 

Red cells 4,512,000 

White cells 52, 000 

HsBipoglobin 55 per cent. 



DIFFERENTIAL COUNTS. 





April 4tb. 


Maylst. 


May 20th. 


May !Mth. 


Poly, neut 


Per cent. 
48 
48 
2.7 

1 


Per cent. 
51 
46 
2.32 
.68 


Per cent. 
55 + 
42 
1.5 
.64 


Ver cent. 

51 + 

44 + 

3.2 


Eosinophiles 


LiYmphocTtes 


Myelocytes 


.8 
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Case II. — Sarcoma of abdominal wall. DifiTereatia] o 
800 cells showed : 

Polyuuet^ar neutroptiiles 84. percent 

Lymphocjteg 10.0 " 

LarKelftnphocytefl H. " 

EofiinnphileB 3 " 

Myelocytes , 3 ■ 

Case HI. (No. 2, Table XLV., A).— Six liimdmi wUa ooo- 
taiued: 

Polynuclear neutrophiles 71. per oeBt>a 

Lymphocytes l&S " 

EoeinophileH .* IM " 

Hyelocyt«B 4 * 

Sttmmary of Blood Changes in MaUtjtiant Diaea^e. 

1. Small, slow-growing tumors and tlie earl.v stages of aS 
tumors may have no effect on the blood appreciable by utir 
present methods of examination. 

2. In advanced ca.ses the red corpuscleu often boconiu thin, 
light, and pale, and finally their numl)er mat- be greatly il<^ 
creased, the counts running sometimes as low as iu i>eniiL*ioaB 
aniemia. In thia respect, as in others, sarcomata seem to !»• 
jure the blood more than cancers. 

3. The color index is always below 1, but is rarely as low as 
we find it in severe chlorosis. 

4. Normoblasts and megaloblasts (the latter being in Utn 
miui:>rity) may occur, the former even in the absence of seTen 
anrcmia. Deformities in size and shape are common. 

6. Leuconytosis is present in the cachectic end-stii£:«8 of 
many cases, bat ia frequently absent in small tomois of slonr 
growth and without metastases. The polymorithunnclonr cells 
are often relatively- increase<l. 

6. Fibrin is not increased. ^^^ 

Diat/iiOHiic FaliK. ^^^^M 

1. When we are dealing with an obecore, deep-seated d^^^l 
ease, if licmorrhage is exclnded, the presence of persistent l«iid)- 
nyt<tuia an^ge^sts sniipuration or malinnant disease (rather tlinti 
tuljerculosis or syphilis, for example), and excludes any simply 
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bmctiona] or hysterical affection. The abaeuce of leucocytosis, 
however, does not exclude malignant disease, though it makes 
suppuration very unlikely. 

2, Between malignant disease and suppuration— if the other 
signs and symptoms do not deiiile — there may be nothing in the 
blood to decide, lu decided pytemia we may get pyogenic cocci 
from the blood by culture, but a negative residt would not ex- 
clude the suppurating focus. 

The aheence of any increase of fibrin in the blood s{>eak8 
against suppuration, and therefore in favor of malignant diseaae; 
but the presence of increased fibrin network ia not decisive either 
way, as it may be met with in connection with neojiIaBms, 
though more common in suppuration. 

'A. Between malignant disease and hemorrhage — a marked 
anaemia favors the latter, provided the case is a recent one; for 
the anicmia of malignant disease is comparatively slow to develop. 
The leucocytes give no help, 

4. Between cancer and ulcer of the stomach, it there has l)een 
no recent hemorrhage, leucocy toais favors cancer ; but its absence 
is of no weight either way. 

The hiemoglobin is said to decrease steailily in cancer, while 
in ulcer it tends to return toward normal after the cessation of 
hemorrhage. 

The presence and persistence of digestion leucocytosis 
sjieak against cancer, and its absence in favor of cancer. It 
must be remeralwred, however, that any variety of catarrh or 
dilatalion (should such be present) can also prevent digestion 
leucocytosis, and that the latter is not invariably present even in 
health. 

5. Between cancer of the liver or bile ducts on the one hand 
and simple gall-stone colic or gall-stone obstruction, the presence 
of leucocytosis favors cancer. As usual, however, its absence 
does not e.xclude cancer, and we must bear in mind that gall 
stones vnlh chohmgitis may raise the leucocyte count as much as 
cancer. Simple cysts or echinococcwa cysts cause no lencocy- 
tofiis, nor does sypliilia of the liver. 

6. Tlie appearance in the blood of large numbers of eosino- 
philes, myelocytes, and nucleated corpu.=icles during the course 
of a malignant <Iispase piiiuta to a bone meta«tasi!4. 

, When a lencocjioaia which has diaapjTeared after removal 
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of a neoplasm reapjwars, we iua,v expect recurrence of the r 
shortly. 

8. A staadily increasiDg leucocytosis in a case of nialitsiiaiit 
disease points to a rnjtidly growiug ttininr or to the occnrTenoe 
of metastasis. 

9. Between mali^piaiit disease and pemiciona aaseimft U10 
diagnosis i-estn on the following points: 

I. Color index low in malign&nt, apt to lie high iii per- 
nicious aniemia. 

n. LoucDcj tes often increased in niahgnant, diminished is 
I>emicioua anaimia. 

m. LympLocjtes often decreased in malignant, increased ia 
jiernicious nmumia. 

TV. Average size of red cells often decrease<l in nuJignaut, 
and often increased in i>erniciou9 auiemia. 

V. If nucleated red corpusdea are present tlie uonuoblaslt 
are in a majority in malignant diaeaae, and in a minority in per- 
nicious antemia. 

10. The presence of leucocy tosis is against the bcuigniieas of 
any tumor. 

11. Wlien no actual increase of leucocytes is present, so in- 
creased jierceutage of the i>olymorplionuclear variety aiuoDg 
those iire^eut may have tlie same sigoilicance as a leucooytosU. 





CHAPTER XI. 

BLOOD PARASITES AND INTESTINAL PARASITES, 

EXAHINATIO!) FOE THE PLABMODICM MaL-UILE AND IT8 PRODUCTS. 

I. Tivtefor JSxaininalioH. — It is often stated tliattUe organism 
is most easily fouud duriug the chill. But this ia uot the writer's 
es|)erieiii;e. Daring a ohill it ia ofteu difficult aud sometimes 
imjKissible to find the orgaui»ms. Eii^ht hours before or after 
a I'hill is the most favorable time (Thayer), although i>arasites 
have beeu fouud as late as fortj' -eight hours after the last chill. 
Duriu)^ the chill many oi^auisms retire to the iiiterual tirt^aus. 

Tlie iiumlier of oi^auisms varies a great deal. lu souiq cases 
they are present iu every field of a one-twelfth immersion lens, 
while in others we may find only one after an hour or more of 
patient search. In the majority of the cases occuiTiug uear 
BoBton, it needs but a few miuutes' search to fiud them if the 
blood be taken witbiu twelve hours before or after a cliill, and 
provided no <iuinme has been lately given. Occasionally in 
uiiltl cases the orgauiams are very scanty ; aud it may lie almost 
impossible to fiud any. Tlie qiiavtaii and iPntivo-aufumnal forms 
of malaria are bo rare iu New England that I shall not attemjit 
to dewcril»6 iu detail the parasites fouud iu them, but shall con- 
fine myself mostly to the parasites of commou tertiau aud double 
tertiau fevers with which I am iwrsonally familiar. 

n. Mrlhod of ExaminnCton. — A slide of fresh blood is pre- 
pared as above described (pages 6-H) aud examined with a oue- 
twelfth immersion lens.' Lower powers should uot be used, 
although iu skilful bauds they are ofteu suffieieut, Portions of 
the slide in which the coriiuacles do not overlie each other should 
be chosen for exaraiuation. As we pass the slide along Iwncath 
the lens it is well to be on the lookout for any speelafli/ Irtnje 
or spfn'taUy pnh corpuscle, Such a oue will catch the eye if we 

ivmtlier both sliile nnd rover shoulil I)p warriieil hefnre ubiiik. 
ia ftlwsjs well, as it makes the corpiiscleB upreml better. 



SPECIAL PATHOLOGY OF THE BLOOD, 
are on the watch fnr it, eveu though Uw Blido is being [ 



alon({ V 



Q(l all «ucli should he carefully exi 



Another thing to watch for is auythiug black ur linrk broa». 
If the slide is not iMiriectly clean, or if the cover-glaM liu 
touched the skin in coUet-tinj; the lilootl, there will often Iw bUrk 
8|K)ta which make us pull up short and examine, only to find 
that they are bits of dirt. Thin loses time, and hcuoe, n» Bbot* 
noted, the importance of care and cleanlluesH in tlie earlier BtaffM 
of the process. 

Besides any striklunly jiale or swollen corpuscle orany bla^ 
dots, we should be on the hxikont for any murfnioiU in ib» 
field. The movements of Miiller'e " blood-dust" (see pa^-e 59) 
are often mistaken by tte^Imiera for those of the nialarinl orgikD- 
ism. Their greatly smaller size and extracorpiwcnlar poattion 
Her\'6 to distinguish them in must caaee. I have sometunea 
tlionglit I saw pigment in these bodies. If, as Stfjkea iKiliom*, 
till.' ■■bliind-dust" is derived from the leucotijtea. it is ]M)»iibLe 
thiit they might carry out with them some pigment inge6to<d by 
the leuciwyte, 

in. The Malarial Ori/atmm.~-0>) " Hyaline Forms." lu tb» 
eiirlier stages of ita growth, i.e., during and soon after the chill, 
the organism is not pigmented, but apjiears only as a light spot 
in the jiale greenish -yellow of the corpuscle. It practically la 
never to be seen outride the corpuscle. Most malarial oiffUi- 
isms are to be found within the corpuscle, and oiili/ there.' 

Fur thiMe who have not i-samined many siwcimens of nu- 
larinl blood it is a very diflicult thing to find the orgnniitni »t 
this stage of its growth, and tlie number of mistakes iu tliag- 
nosis is very hii^e. I always lixjk with great suspicion on any 
rejKirt nf malarial Vtlnod us cnntniuiug uuUj "hyaline forms." 

In the later stttges, when the organism has lien^mu wcU pig- 
mented, there is nothing that at all resembles it, and those wbo 
liave seen an<l watched it a few times can hardly mislnke any- 
thing else for it. Not so with the so-called "hyaline" or yoang- 
i>st form of the organism. Persomdly I think the iinmt " hyaline 
bodies" is resiKinsible for a jiart of the mistakes. AVe are I«l to 
espect something more shiny and refractile tiian the organism 

'Btcept degi^nertite furniH. free flaRelliv, An<) nporee M th» t 
of wK"iM>tatioD (nirrJy tobeaeen). CreacenU and o void bodin ai 
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really is, and so are misled by the brilliant white circles to be 
found at the centre of many normal corpuscles under certain 
conditions of light and partial drying up. Time and again I 
have been asked to look at malarial organisms (always the 
^hyaline" forms), and found nothing more than one of these 
effects of light which can be found in any normal blood, if the 
conditions are right. There are certain marks by which we can 
exclude these artifacts from consideration : 

I. They are generally far too numerous to be malarial or- 
ganisms. One usually finds a dozen or more in a field which 
would be almost unheard of with the Plasmodium malarise. 

II. They are generally in the centre of the corpuscle, while 
the young malarial organism is almost never at the centre. 

in. They are almost invariably round, the malarial organism 
being generaUy more irregular and branching. 

lY. They seem to increase and diminish in size as we focus 
up and down upon them, while the malarial organism only grows 
dimmer or clearer. 

V. They are, as before mentioned, more brilliantly white and 
shiny than the malarial organism, which has often a faint tinge 
of yellow, although much paler than the surrounding corpuscle 
substance. 

VI. Their edges are shari)er, the malarial organism often 
fading off very gradually into the corpuscle color. 

VII. Their movement is different. The malarial organism 
is not at all the only thing to be seen moving in the blrxnl, an 
has sometimes been stated. The red cori>u8cles have the Brr>wn- 
ian motion, and as they begin to crenate often move very actively. 
But their motion is verv different from that of the h valine 
malarial organism, for the latter changes lK>th its shajie and On 
position in the corpuscle quite rapidly, while the motion of the 
light space in an ordinary re^l cell is a wavy undulation of the 
outlines back and forth without any considerable cliauge of 
shape. 

(h) As soon as the organism gets any jiigment fand th^nr are 
verv few times in thecvcle of a malarial caw*- wheij tlj'-re an^ not 
some pigmented organisms pnrs^nt;, tJje active TH]tit] juoiion ui 
the black pigment dots is uulike an;, thing else v^-mu in th^- l^l'x^/l, 
and when once reco^nize^l can n^-v^-r Ix; forgottz-n or mihtakMj, 
It is only when the pigment lia»- c'-as*rd movifig ^owiug i^t th<r 
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death of the organiHm) that the (liffei-entiation between dirt M 
Diahirial pigmeDt beuoineB lUffioult, 

Sometiiues it in really (difficult to distiuf^nish motiotil««« p 
tuent ID » malarial ur^auiam from dirt even on carefol scmtiiiy." 
The best way is to get a freeth ttlide when the pigment is in 
motion. 

To auy oue fairly familiar with the ai>pearanc« of piKinented 
fonua of malarinl orgaDisms, failure to fiud lliem in a caw nf 
malaria is due generally (1) to tm> thickly Hpread a layer nf 



• 



® o o 
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blood, the corpuscles overlying ©ucii other; (2) to not loa 
loug enough (Figs. '67 and 38) ; (I)) to lack of projter light. 

I have not attempted to go iuto the marks hy which we can 
diflferentiate the tertian, tiuartaii, and imtivo-autninnal fomw of 
the organism — for clinical erideuce osually snflioes to determine 
this jioint. For information on thi» and all the fiuer pnintH in 
regard to the life history and habits of tlie oixaniHW AV. & 
Thayer's admirable monograph should I)e consulted. Ht<t« H 
is sutGcient to say that as the paroxysm drawx uear, the pjg^ 
meut giauuW liegin to work in toward the centre in radintiiig 
lines until they are all collected in a solid black iohhh. Wliila 
this is going on, the jiigment granules not infre(|ueatly gsthet 
into short rod-like masses not at all nulike tuicilli. 
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RoiiikI the ceiitral mass of pigment, indUtim-t railiutiiii; 
divisioiui laay sometimes be st^u just before tlie ui'ganisiu breaks 
up. These divisions have been compared to the i)elrtls of a 
■, bot it is very iHdicult; to see more thnn the faiiit<'8t imli- 
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cations of such iiu arrangeiueiit iu moat si^eviineus. Th« oof 
puscle itself ia by tliia time wLolly lost to Bi^ilit. 

((') The iiext sta^e, tlmt of segiuentatiou, ia ]bss oommonl;' 
seen than tliose just mentioued, aiid ia only to lin satisfactorilj 
observeil l>y uaiug a warm stage (fule supra, page 8) nu<l spood- 
ing considerable time ou tbe wutcli for it. Around tlie central 
pigment mass we mtiy sometimes seo in ordinary siwcinivn 
(without warm stage) the faint outlin&a of a group of Rmall 
spherical, colorless bodies {vtdti Fig. 2, 9, Plate I.) which »n 
the new generation of young organisms. 

Now we sliouKl expect that with the next stf p iu th« prrM.>!Mi 
we should find thewe young plasmodia free in the plasma or eu- 
ieriiig a fresh set of red corpust-les. But in the iieriphwui cir- 
colation this ia rarely if ever observed, Thayer in his immetiM 
experience has never seen them. The next eridence we h»To o( 
tlie organism ia as a " hyaline" bixly inside the corpuscle again. 

Almost all stages of the growth of the plasmodiuiu whtcli 
we can watch iu t)ie blood drawn from the peripheral cirruUtion 
take place within the corpuscle. It is true that as the pigimtutcd 
organii^m gets towards its full growth, and before the granules 
ha\'6 bfignu to gather at the centre, we may find it very difficult 
to find any trace of corpuscle substance around the marfjio at ^^^j 
the plasmmliimi. Sometimes we see a ring of Dou-pigineol«l.^B!J 
glistening white substance outside the moving black dots 
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rs„ 40 - FlnRvllalf Malarial Oi-KUiUnia {tttrr Thafetl. 

Fig. 2, 7. Plate I.) standing out liijhf lujaimi the darhrr pi 
tna. This I supi>ose tti be the remaiua of the corpuscle, 
is not described or pictured iu the standard works on the si 
ject. 

Occasionally we do find pigmentetl lx>die« wholly oatsidi 
the corpuscle, either iwrtly or fully grown. In the iiitrucorf 
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cotar fomis the (listmction between pljismcxliuiu ami enrpiiscle 

snlistaiice is not. I think, so sh&rp aud clear as oue would Ije led 

to exjiect from the plates in 

standard works. With aver- 

a^eyeB aud leuses the ijut- 

line nf the oi^anism, as 

distin^ished both frum it» 

pigment granules aud the 

Horronnding corpu8i'|ps, in 

Dot easy to see. It is the 

moving pigment granulet^ that 

attract oar notice. 

Id) It remains to spenk of 
ihree comparatively small 
points: 

1. The presence of Hh- 
ftella. 

2. Pigmented leucocytes. 

3. Crescents and ovoidH. 
1. Toward the end of the 

life history of a malarial ]iar- 

it sometimes makes its 

loo very obnous in the 
microscopic lield by knock- 
ing about the surFouudiug 
'«orpiuu!]G8 with its aims nr 
"Jh^ella" Exactly why and 
imder what coutlitiuu.s it 
allows or fails to show tliene 
ftppeudages is nut knnwu. ' 
They are about two or tliree 
timeifl as long as a re<l cor- 
puscle Mud one-sixth or ihk^ 
eighth as wide. Tliey a.rt> 
usually to be inferred rather 
thau directly seen, as they 
are nearly transparent. Our 



' HcC&Uui 
lDl«r«Bting 



has recently offered 
Fulence that they 
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attention is attrapted Ijv an active motiou nmou^ n BTunji o1 n^ 1 
cellrt ft]i[)arently nf siMiutauenns ori^iu. UriMlually we make out ' 
H filmy whip-like tail attaclteil to au wljai-cut rualarial jutnisitri. 
SoiiietinieH there is pigment dotted idoug tlu> fta^ellutu itself, 
and tlien we can make it out more easily. It8 <liiital fiul iit 
eapeci»dly apt to Iw pigiueiite<l, and by the help of this pi|^ 
meut we make out that it is hullx)ns, while aiiuilur liwnll- ~~^ 
ing» can Hometimea be seen at other jtuiuts along the flnfr^l- —^ 
lum (see Fig, 41). Such a flageltum may break off autl di 
about free among the cnrpuacleH. Ah the pignienttH] end ii 
sometimes all that we can see of it, this (jives ritie to tlie «p[j 
auce of a very small, nrlivtlij loiiiiiintirH pigmented ImkI; 
among the corpuscles, uud its course may he followed tbi 
several fiekbi. 

AVlien the tiagella have ceased moving, their preHcoce 
erall\' detected, if at all, by an irregular Hue of pigment <l>i 
idH>ut '20 ," long, which will be shown by cjLreful focussing to 
contained within a uearly transparent niembrane. 

Very often we fiud a leucocyte in process of closing iiniiii" — 
the Bagellated ]iarasite. Maiisou has lately succeeded in »t&iu— .^a 
iug the Hagellie. and the accomiMoying photographs &re Iron^^Hl 
his stained sixtcimeus. 

2. Pigmented leucocytes, couljuniug thi> whole or part ti ^^ 
malarial organisms or simply blocks or granules of black pig-^^ 
meut, are usually tu be found in the blood near the time of tli^^^ 
chill. The pigment is to be carefully distinguisheil fnm (li^^^ 
grimules present in most leucoc^vtes. which iti certain HghtH luJ^^K 
quite dark even if unstained, darkeuongh to bemistnkfufor pii;;:^- 
meut by the untrained eje. Careful focussing and chaOKU'K 
light will easily determine which we are dealing with, pmvi 
we are familiar with the api>earauce8 of leuccx-ytes iu the 
luistnined hkim). In certain forms of the disease in which tbec 
gouisms themselves retire to tliu internal organs, the presence 
pigtuenteil leiicoi'yt«s mu,v ha the only evidence of thu diMOM 
be found in the jteripheral blood and is therefore of tha 
imiiortiiuce. 

3. Creseentic forms are not often seen in New 
They are found only in tlie lustivo-autiimunl forms of dii 
which occnr chiefly in the South and \Vest and hare beeasel 
reported in au^' Northeastern State except in ]>Atieiite wbo 
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brought them from the South and West. I have never seen these 
crescentic forms except in the stained specimens of other obser- 
vers, and my ideas of them are mostly second-hand (Fig. 42). 
Pull account of them will be found in the monograph of 
Thayer's above referred to. 

Hitherto I have spoken wholly of the appearance of the par- 






FiG. 42. 



asites in the fresh unstained blood, this being by far the simplest, 
easiest, and surest way of finding them and the only way of 
studying their development. In cases in which we cannot make a 
microscopic examination at the bedside, we can sometimes pre- 
serve the organism alive between slide and cover-glass, until 
we can get it to the nearest microscox>6, even if this takeis sev- 
eral hours. I have carried sx)ecimens in my handbag a whole 
morning and yet found the pigment of the malarial parasite in 
motion at the end of that time. Warm weather favors this. 
When it is necessary to keep the specimen some time before 
examination, it is best to paint on the slide a ring of vaseline or 
any gummy substance, and allow the drop of blood to spread out 
inside this ring so that the margins of cover glass are glued to 
the slide by the oily substance and the entrance of air is pre- 
vented. The cedar oil ordinarily used for immersion lenses 
answers the purpose very well. Both slide and cover should be 
gently warmed before spreading the drop of blood. 

Many physicians who cannot possibly carry a microscope 
about with them can easily find room for a few slides and cover- 
glasses and they may be of great 8er^'ice. 

When specimens have to be sent by mail, or for long dis- 
tances, or in cold weather we have to fall back on dried si)eci- 
mens prei)ared as described on page 43, provided always that a 
24 
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l>e<1ai(le exumiiiaUou is iiu)>o8sible. These can be stained bs^ 
one of tha following methods : 

Leave the sptscimeu for lialf au hour or more in equal partfr 
of ether and absolute alcohol, diy them in the air, stnio far 
from one-half to £ve minutes iu a one-lialf-jter-cent solatioo oC 
eosiu in sixtr-per-cent ak-ohol, wash in water, dry and staub 
one -half to on© minute in concentrated watery solnticHi oC 
methylene blue; wash again in water, dry in filter paper, ant 
juount in Canada balsam. 

Feraoualty I have found tliis method rather uusatisfsetory n^- 
liccouut of the different intensity of different eosin staina an£_. 
the cotwefpient need of finding out by exgierinient liow long^ 
(within the limits of one-half to five minutes) the specimen is lo^ 
be atiained before a distinct yet not violent red color is at— 
t&inetl in the protoplasm of the corpuscles. The blue staioa^ 
the plasmodinin itself in contrast with the pink corj'nactos 
substance around it; the pigment i^uules remain, as ii^K 
the fresh specimen, bluck or brownish black. (See Fi^. ^ 
Piute I.) 

Some find the stain of Plehn simpler and mnn' Katisfairtorja^ 
as well as quicker. By this method we leave the HjteoiuiAiiB^ 
only three or four minutes in ulmdiifr nUtthiA and tlieu ntain fiv^^ 
or six minutes iu the following mixture: 

Cunce^ntrated watery boIuUud methylene blii«. V 

One-faalf'iier-cent Mlution ot eoain In Mventf-flvv-pn'^nt 

alcohol . . .SI 

Distilled wau-r « 

Twenty per cent NaOIJ . IS gtt"^ 

Wash in water and mount in (.'anada halMuii, 



The trouble nf double staining and the uncertainty am to 
length of time are avoided by this xoiutioii, and thii inraaitp^^ 
lire sometimes l>eautifully staiueil. Yet on the whole I haW"* 
had better success with the eosin and metli* loiwn l)lne d^^~* 
spite its diflicutties. The ordinary Ebrlich-liioudi mixlii^^=* 
may also be used to demonstrate pigmented forma. Thi'ttr^B^^** 
ism itself does not stain at all with titis mixture but stands o^^x' 
light against the yellow ot the corpuscle, the pigment lookit:::^^ 
as it does in the live parasite. Tlie hyaline fnnns nenl mn^^f* 
other stain for satisfactory recognition, but it is sometiniev 
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fmient to use the »&me slain for the differential count and tlie 
malarial organism, as for instance when we have only one 
cover-glass preparation in a case of 
doubtful diagnosis. Fixing the 
Hpecimeu in alcohol and ether is 
iere far better than heat; other- 
wise the technique is as above 
described under Triple Staining 
(pago 44). The general ap]iear- 
ance of the organism so stained is 
shown in Fig. 4.S. 

If the organisms are fairly num- 
erous and the technique is good 
we can find them by this method 
even in preparations months old. 
In general, however, it is very in- 
ferior to the examination of the live 
Ogg anism in the fresh blood, and "^ * 

^Kbb many more chances for error. 
^HBo much for technique. 

^fWe often bear rei>orts of fruitless search for the parasite in 
the blood of malarial patieuts, but the rej^arity with wliich 
they are fonud at all the lar^^er hospitals and by all practised 
observers in this and other countries leaves no doubt that they 
are to l>e found in every case during some ]>ortion of the cycle. 
The practice of takiug blood dnriug a chill contributes, I believe, 
to the numl)er of unsuccessful endeavors to find the organism ; 
as mentioned above, this is the worst, not the best time to look 
for them. Too thick a layer of blo<xl between slide and co^-er 
accounts for some failures, as I have found in persoual experi- 
ence. 

No doubt, in many cases in which we fail to find the organ- 
ism in supposed malaria a faulty diagnosis is the reason. Many 
of the cases in which latent malaria is supposed to have " come 
out" after a surgical operation are exploded by the negative 
examination for parasites and the iioaitive indications of pus- 
pocketiug which are afforde<l by a markpd leucocytosis (never 
present in simple malaria), and the fact of insufficient wound 
dnunage is often disclosed in this way. Whenever wo see tlie 
1 increased we l^egin to doubt the existence of an un- 
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complicated malaria; if, fiirtlienuore, wesp^ nosi^usof adv jmi- 
li5r <if tbe corpuscles we doubt the jirpsence of nialarin still more, 
as there is no more rajiid ileglobularizer tliftu tlie mulari&l iw 
gauism. 

How long after a chill the organisms may still be fonutl in thft 
peripheral blootl is diflGcult to decide, but certainly thej' can b» 
found any time within twenty-four hours after the last cliUl, 
unless quinine has been given, and sometimes even if it liaa been 
given. 



Other Chanoes ra the Blood. 

—The following is from Thayor's remi 



larkauSSS 



Red Corpiisclt 
monograph : 

" A reduction in red corpuscles follows each paroxysni ; tl 
reductions are more marked after the early iiaroxysins than ■ 
those occurring later. When a certain degree of anwmia 
been reached the losses per paroxj'sm are much less, 
the numl)er of corpuscles is reduced to 2,000,0(XI or 1,000, 
there ia little tendency toward a further fall; sometimes then 
way be slight rises in the curve between the paroxyaDw; oftm, 
liowever, the number of corpuscles remains statitmar; fm 
weeks. 

" lu [lemicious cases the number of corpuscles may fall b» 
tween i>aros.vsms. " Kelsch htta seen the count decrease ti> at 
small a number as 50l),00O per cubic millimetre. The diniinii- 
tion is greater the longer the dtseaiie lasts and the mote it 
tense ita manifestations. 

During the jiaroxysms, particularly the earlier ones, the 
cells tfud to iitci-eatie in number. 

Ill tertian and quartan fevers there is a rapid and alina«=:=^ 
complete restitution of the corpuscles during the afeliril^^* 
jieriod. 

In seetivo-autumnal fevers the number of red cells bears ss^ » 
direct relation to the number tif organisms. CreeM^entic bodii 
seem to have no influence on the uumber of red cells. 

When after a paroxysm the number of oorpusolea haa 
greatly diminished the succeeding paroxysm may bo foUoired 
a slight reductirm only or even by an iiicrense. 

Bignami and Dionisi distiuguish three types of pOBt-maltiJ ^ 
RUffimia : 
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El. Ordinary secondar.v auseuiin, but with leaco|ienia iuetejid 

fencocj'tosis; such cases usually recover. 
f9. Antemiu practically identical with peruicious auieinia, 
megaloblasts being i>re9ent, and ending; fatally. 

o, An»-iuiiiH which are progressive, because the bono mnrrow 
cannot <:umjien.-jiite for the losi^es of coriniBt-lea. 

The rapitlity of the diminution in red (;elln niay be very great. 
KeUcli's count of 500,000 cells per cubic millimetre, inentioiied 
above, was after thirty days' illness. Grawitz hun Been a loss of 
4,000,000 cells in six days. 

Qualitative changes are those of severe secondary antemia, 
deformities in size and shape, normoblasttj, occasional niegalo- 
blastH in the worst eases, motility in the " pale, f^fhostly" cells. 

H-niifit/lobii). — The loss of Iwmo^lobin liears usually a direct 
relation to the number of parasites in the blood. As a rule, the 
corpuscles and hiemoglobin are diminished proportionally (color 
index =1) but sometimes the Licmoglobin i.s nHliiced dispro- 
lM>i1ionaf ely . 

In convalescence the reHtitntiou of hiemoglobiu is often in- 
complete; ijersons living in malarial districts have often a 
slightly smaller jwrcentage of hmmoglobin than those living 
elsewhere. 

The rapid diminution in htemnglobiu is a valuable point in 
differential diagnosis between malaria and typhoid or pnen- 



Wliltc Cells, — The number of leucocytes is uaunlly snbnor- 
mul, but show a slight increase at the begiuuiug of the par- 
oxysm. Following this increase there is a rapid decrease con- 
tinuing throughout the paroxysm. Tlie small nunjl>er of 
leucocytes is to lie seen at the end of the jmroxysm when tlie 
temperature is snVnorraal. From this time it shows a gradual 
increjise until the beginning of the next attack (Billiogs). 

In a general way the white cells follow the same course as do 
the red. 

The differential count shows a lymphtrcytosis whenever the 
white celh* are subnormal, the larger forms of lymphocytes Iieiug 
B«;)ecially numerous, while the polymorphonuclear cells and 
eosinophiles are scanty. 

In four cases of post-malarial aufeniia Billings found quito 

lifaed leucocytosis. 
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The occurrence of pigmeuted leucocytes Iiaa alreftd.v been 
mentioned. 

Orawitz anil otliers have noticed hu increiase of eoH)Doplula 
in poHt-malarial amcmia. I have freiiaeutiy found amall pe^ 
oeDtages of myelocytes, three per cent being the higheot in mj 
exi^erieuce. 

MALARIAL H.EMOOLOBINJIMIA. 

During the paroxysms of tliis form of the disease, the 
ber of the red cells in much diminishei:!, rouleaus not foriDMl, 
marked i>oikilocyt»9is with nucleated forms. The lewmicytM 
are increased. The regeneration is very swift, twenty-fimr li- 
furty-eight hours being usually sufficient to re-establish nomui] 
couditioufl. 

FILARIA SANGUINIS MOML'JIS. 

Altliougli most commonly found iu tropical ooontriM. om 
species of this worm is not very uncommotily found in tuioih 
l»art8 of the Unite*! States. Any case of chylous mine or ele- 
phantiasis should lead as to make a cnrteful examination of iL. 
blood for the filaria. There are at least four s]H>cies of fill 
one of which is present in the blood chiedy at night, anothi 
chiefly during the daytime, and another cantintiouHly, Only t 
Jilnria ntniurna has thus far l)een seen iu America (Pig, 441, 

In examining for the filaria a slide of the fresh blood is pi 




rio. M.— Tbe FiUuia BAUgulaU Hoiiiliila. Tte head, curlnl up. ■■ *arn ki Uw rlxhl <X *>■ 
cut, Uie tall at the 1«rt. Iimtantiuieoua |ib<iIomlcniKniph. Fixir bUBdnd JIaia ■• *■' 
niaeniflnuinD, 

pared in the usual way, hut after 8::i0 rirlm'k {» ftir ti-enimj, ' a.j»ii 
examined at oiioe. The embryo of this punwite (which is wE_^»»' 
' In pOTBons whoal«ep in the daytime nnd work « ni|;Itt Uio hsliit^^"' 
tlie fllaria nreeaiil to IxTonie reveraed, sn that itappenrs tn tlio poritib^V^ 
circuUtirm cliieflj in the daytime, ftud is to he look^ for thra. 



FILARIA SANuniKIS H0MINI3. 



■i7:< 



^»e find ill the human blood) ia from one-ninetieth to one seven- 
tietb of an inch in lenyth, it., about fifty times the iliamebr of 
u red cell, and about the width of a red corpuscle. Ssftn in the 
blood it retains it« vitality aud motile power for a considerable 
time, so that its motions may continue a week or more betweeu 
slide and cover-glass. Cold has little eifect upon it, even freez- 
ing temjierature failing to do more than make the inovemeuta 
slower. 

A distinction can generally be made out between the embryo 
proper and its sheath (see Fig. 45). From thia slieatb the 
embryo escai^es when in the blood of the mosquito, which insect 




acta not infrequently as intermediary host and conveys the para- 
site indirectly from man to man through the medium of water. 
After sucking in the oryauism with the blood the mosquito lays 
its eggs and dies in some neighboring pond or stream whence the 
filaria again (;atu8 access to men. 

It is a long, slender, snake-like, gracefully shaped worm, and 
when alive its activity is so great that measurementa and obser- 
FfttioDs of its structure cannot be ma<le till it is paralyzed by 
bg death (Fig. 4(5). 




tieiilated, for it does uot Imrmouize with the g^ieral ciOTe t>f 
the hudy, lint lii^ Ijeut at uu aii|{l«. Towanl Uio bttiul it tMpen 
very alightl.v au<l when ulive a " ixjiitiiig" movprnout aa it of Ivmtb- 
iiig c&n ))e seen at its very extremity. Al>oat the mi<1<l]o of Umi 
body a grnuuhir agi^regatioD cud be luntle out aluug the ofintnl 
axis of the animal. Except for this graiiuhii' inii-tioii the |Mrm- 
site is so translucent that it is not vasy to miike it out at fintt. 
The distiuctioD of ho<1y and slieath meiitioiml aliovn, appMn ^ 
aa a " clear space" at each end of the Itoily Oi'^fc Fig. 45). I 
After the uiotioiis have ceased it I>eo<>iues dark«r and tnMMB ol 
transverse striation may he seen (Fig. 47). 

It has no locomotive power aud confines ittwlf to wri|igliiig ito 
the same spot. Sanssure' says ho liax wrntohe<l them "figLUq^ 
with each other for hours." 

The head of the filaria is said l>y some aitthoritiw to be nip— 
R.June 39tli, ISflO, whtrra b« rcporti 
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plietl with fi-L>lei^ or tliiKolta. auil Mauson dracribes what be ci 
a " cfiphaJic armature " or faiig (Fig. 48). 

The aaiuQ organism can sometimes be fonnd in the chylous 
urine, but not every case of chyhiria is due to the fihiria sau- 
guiuis hominis. In a considerable proportion of cases do 8ach 
organism is to be found. 

Heury {Med. Xeios, May 2d, 1896) succeeded in staining the 
parasites inti-a vUaiii by giving the patient consideraltle doses 
of methylene blue internally for some weeks. Only a faint 




bluish tinge was imparted, however, to the organism by this 
method. 

For finding the parasite it is best to use a low power, not an 
immersion lens, and the whole of several slides should be looked 
over. 

Specimens can be dried and preserved for staining provided 
we do not heat them over a lamp or pass them through a flame. 
Mauson' stains with eosin and mounts in " glycerin jelly" (Fig. 
49). 

Several other species have been observed in England in 
negroes from the Congo Kiver, but not hithei-to in America. 
But as it fi'eqnently is to be found in ijeraons who have no 
symptoms whatever, it may well be that some of these other 
species would be found here if one took the trouble to seek out 
natives of Southern Chiua (one out of every ten of whom carries 

' Ihf. "Filaria SanguJuis HoniiniB," by Pntrick Manson. M.D., Amoy, 
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k>ut the fil&ria iu his blootl), or of Central Africji. or other 
topical regions. 



SPIROCH-iETE OF REL.\PSIKG FEVER. 



During the febrile paroxyaius of relapsing fever, and for 
B or two days befoio them, Oliermeyer and others have found 
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conatantl}' present in the peripherftl circulation n parasite whose 

length avernges about six times the iHameter of a red corpuscle. 

Even under high-power lenses it is 

a mere threail in width, curled upon 

itself like a corkscrew and uotivety 

motile, so tliiit in examining tlie 

bliMxl with a low power we get " a 

I>6ouliiir imyireHsion of disturlwiuee" 

among the ret! cells. 

The nunil>er of twista in thih 
.l-sliaped organism varies ii 
I deal, and one of its motiouH 
uiists in contracting and est«?tnl- 
; itself like a spiral spring. It 
thus multiply its own lengtli 
three or tour times. It has also a 
delieate, wavy, but rajiid motion 
along its long axis. The wliole 
Reread, or a part of it only, may 
l»Te these motions. Further, Ihe 
Irbole parasite has |iower of loco- 
lotiou apt'arently independent uf 
Be cnrrents in the bloml plasma of 
I slide and cover-glass specimen. 
Itft locomotion is alow compareil to 
the movements abo%'e descrilwil. 
Particnlarly in the blood post mor- 
tem they are apt to wind themselves 
into each other so as to seem much 
larger than they actaally .ire, and 
Ktmetimee a large "nest" of them 
lay look like a leucocyte, except 
r the fine wavy threads which can 
B seen in motion at the periphery 
I the mass. 

The number present in the bliKnl 

f much smaller at the beginning of a jjaroxysm than after 
aeoond day. During the first few hours of a febrile iwrifMi 
wyntkowsky could find only tine spiroclnote in ten or twenty 
kicroBCopic fields, while later on he saw twenty or thirty of 
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them ill & aiugle field. There are usually more ptini&i 
each Bucc«sflive parosj'Siu. 

Blood takeu from diffei-eut jMirtB of the bcxly often nhowB & 
great difference iu the uuml>er of orKHUiKUis t<) be fooud. Tb« 
life history of & 8iD|j;le parnsite seems to be very short, Irat they 
multiply with the j^rejitest rapifhty, Albrecht has sewn th*"!!! ao 
Increase within six liours that whereas at first he saw only a 
few in the whole slide he later found raany in each fi«*ld. A« 
the spirochtetfl dies, its moveuieuts get languid and EniUly it 
breaks up into small granular bite (siKires?). 

Between jjaroxysuis the s]iirochn;t*?a are not fonnd, but there 
are to be seen peculiar highly refractile globules porajuireJ by 
V. Jaksch to a diphxiocPUH. The latter author l>elieveH that he 
boa seen these develoji into the S]iin>cbii't4^ at the begiumng of 
a paroxysm and hence believes them to be sjioreH, 

This apirochiete i» foauil in all casns of relaiwing fover aod 
in no other known ilisease, so that like the plasmodioni maluw 
it is pathoguomonic and of the highest im[>ortance. 

.\jia>niia and leucooytosis (during the jwroxysm) are amoiiK 
the 8ecoudar\' results of the presence of tliia paraait« iu the 
blood. 

A certain reseinl>lance has Iteen noted lietween the spirochstt 
and a free dagellum broken off from a malarial parasite, bat tbft 
cliuical history and the presence or alwence of other evidence o( 
malaria iu the blood would easily decide the quention of diaft- 
nosis. 

Techtiqiie, of Exaviiuation. — As iu looking for the malarial 
organism it is best to examine the blood fresh between a Hilda 
and cover-glass {vide miprn, page 7i and to use an oil iratnef^ 
eiou lens. In dried si>eciuieus the organism can bn stain«d 
with fucbsin, but it ia mnch more diilicnlt to recognize tluui in 
the fresh bKHxl. Phagocytosis (see Fig. 54) can muUv be 
watched in the |>eripheral bl«M>d, 

DISTOMUM H.«MATOmUM. 

Bilbarz found this parasite post mortem in tlie lari^ inlenial 
reins (portal, splenic, mesenteric, etc.), bat as it has nerot been 
seen in the peripheral circulation its cliuical imix>rtaDce ia thna 
far uil. 
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BACTERIA IN THE BLOOD. 

(a) Cover-Glass Specimtm. — Batilli of antlirax, tuberculoBiB, 
glanders, gripiie, typhoiti fever, and tetanus have been demon- 
strated in the blood ot human beiuga as well aa have tlie pyo- 
genic streptococci aud staphylococt-i, the diplococ<?uB lanceolatuB, 
tlie yonococcus, aud tlie bacillus coli comniuuin, Nevertheless it 
is exceedinyly difficult aud fretjueutly impossible to find them, 
and no couaiderable practical use has as yet Iwen made of the 
oover-slip examination of blood for micro-organisms. 

Gunther's method is an excellent one. Cover-glass speci- 
mens of the blood are prepared as alrove described (page 43), 
and left a few seconds in five-per-cent acetic atud to render the 
red cells invisible ; the acfitic acid is then shaken ()iot tcanlted) off 
and the cover-glass held over the mouth of a I>ottle of strong 
ammonia water to neutralize tlie remaining acid. The covers 
are then stained with the Ehrlieh-Weigert solution,' mounted in 
balsam, and examined with a one-twelfth immersion lens. 

(6) C'tliiirts (see alxjve, page 47). 

AN.-EHIA DUE TO INTESTINAL PARASITES. 

The bothriocephalus latus, aukylostoma duodenale, and a 
few other jmrasites are capable of producing Im' their presence 
in the intestine a very severe amemia, which may be indistin- 
guishable from pernicious aaipmia. As jet no such case has 
been reported in this country, but Askanazy' and Schaumaiin' 
have carefully studied the disease in Germany and found that 
the blood may correspond exactly with that uf [lemicious auie- 
inia, including the jnesenee of high color index and of a major- 
ity of megaloblasts amoug the nucleated red cells present. Yet 
mch cases may be rapidly and jwrmauently cured by expelling 
the parasites from the intestine. No special description of the 
blood states need be given, an they jjresent uotbiiig which has 
' To 6 c.c. of diatlllecl water sAA ten drops of aniline oil and filter. T» 
llie flltrate ndd a MvturAted nlcnhnlic solution of gentian violet till sliglit 
(tmuHient) turbidity appears. On (lie surface otthis Rolution in a watch 
gUflB float the cover-glass face downward tor twenty- four hours. 
' Vereina-BeilaKe der Dent. med. Woch., 189.1. Bd. 148, 
* "BothrioceplialuB-ADeeinia. " Berlin. 1894 (Hirschwald), 
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not been already described under x)ernicioa8 amemia or severe 
symptomatic anaemia. 

A8CARI8 LUMBRICOIDES. 

The reports of Jenner's Hospital at Berne for 181K) include 
a case in which the blood showed only 2,450,000 red cells l^efore 
driving out the parasite with santonin, and 4,200,000 two weeks 
later. 



CHAPTER Xn. 

THE BLOOD IK INFANCY. 

' I. AU the mjiie hy which sicknetm ts skiiwn In /Ac hhtul nf ddnUs 
at/geratal in children. Their blood ia apimreiitlj' more 
Beiisitdve to the action of any morbid iiiHuence. OattMee Ifrnding 
to but slight aniemia or leucocytosis Id the adult, produce grave 
adtpinia aad very marked leucocytosis in childreu. Into the 
reasoDH for this I shall not attempt to enter. The increased 
tosicit.T of their serum compared to that of adults, imd the rela- 
tively receot establiuhiueut of the funetioun for producing and 
detitroyiiig blood have been suggested as explanation. 

Comparatively slight hemorrhages, gaatro-intpstinal or re- 
spiratory disorders, which would not impoverish an adult's blood 
may produce considerable aniBmia in a young child, 

n. All forms of anaimia in infancy are apt to be associated 
with enlarged spleen. 

HI. I have already alluded to the jmlycythjemia and leucocj- 
tosis of the new-boru, and the gnwlual fading out of these rela- 
tive abnormalities as the child grows up. In judgments as to 
the presence or absence of ieucocytosis in infancy, these phvHio- 
logicul variations are too often lost sight of, especially as the 
proper leucocyte count for any given infant depends not simjily 
on its age but on the bai'kwardness or forwardness of its develop- 
ment. As with the fontanellea, the growth of the blood toward 
adult conditions may be retarded bj' congenital wetikness (infan- 
tile atrophy, marasmus) or inherited disease (tulierculosis, syph- 
ilis) as well as by at-quired sickness (rickets, cholera infantum). 

Under tlie influence of any nf these drawbacks a sick child's 
lil<iod may l)e no further developed at three years than that of a 
healthy child of eighteen months. 

IV. When we remember that in early infancy the leucocytes 
differ from those of udults not only in number but in lliat the 
lymphocytes are relatively more numerous ("lymphocytosis of 
tucy"), we shall understand that any influence like rickets 
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or syphilis which retiirtla developmeiit, will show l.vni 
together with the increanetl leiicocj te couut. Qualitatively «a 
well as quantitatively tlie l)loo»l reverts to a more iufautile cod- 
ditioD. 

V. Thia shows ibsell not merely in tlie leucocytes hut iu Um 
red corpuacles. During the first days after birth the infanl's 
bluod »huws greater carialione in itiie ami skn^ie thau tltat ti 
adultu, as if the tyi>e were not yet quite fixed, Tlie majority td 
authors also find a tew normoblasts in thn first few days of Mir. 
These are not invariably present, doubtless becauite io Hume 
children the blood at the time of birth is more developttl tfau 
in others. 

Under jiathological conditions the red ci^lls revert U* tlua 
earlier type and deformed or nucleated corpuscles are pleotifaL 
This is more marked than in anicmia of the same t;nu1« oc- 
curring in adults. Au uutcmia that shows Imt thirty nacleated 
erythrocytes [)er cubic niillimeti'e iu au adult might show tn 
time-B that number iu a child. 

VI. As we said before, all blood changes are exatyjemteid in 
infancy. This includes Huch phyHiologicul clinugcs as the digM- 
tion leucocy tosis or that followiug cold bathing as well ha iMtth»- 
logicul leuciH'vtosis and ansjiiiia, and changes in the doftree of 
dilution or concentration of the blood seem to \)c situilnrly exi^* 
gerated, as is seen, e.g., in the physiological variati<MiB in tbe 
specific graiity of the serum (Hock and Schleainger") . 

Vn. The hipinixjlobiti, though relatively high at birth ami 
for tlie first few weeks, is lower than tliat of ailulb during 
the rest of childhood. The high i>ercflutages of the earliost 
weeks are not due to a polycytheeinia, but to a genuine in* 
crease of biemoglobin in the individual cells iSchiff'), color 
indexes being often over 1. 

It is indispensable, therefore, that we should know tbe age 
and degree of development of a child before we can tlraw aocimt* 
inferences from its blood. In many of the cases reported in lit- 
erature we are unable to judge whether the blooil couditioa ia 
pathological or not, because the age of the child is no* girat. 
For example, v. Limbeck' quotes a case of acute gsstritifl l»- 

■ Hnck nnil Schl^BinKPr C«ntralb. f kliu, MmL. IWl. 
•Scliiff: Zeit r Heilk,, vol li,. 18W. 
• V, LimlxTk Inc cit.. p. 878, 
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ported by Fisclil ' as having an unusually high percentage of 
lymphocytes (59.4 per cent). But this is physiological in the 
first days of life, and may have been so in this case, the age not 
I)eing given. 

Observations of this sort should always represent a compari- 
son between the conditions present be/ore and dunug the sick- 
ness in question. 

Bearing these general considerations in mind, we shall lie 
better able to find our way among the complications and per- 
plexities of the blood conditions in infancy. 

THE ANEMIAS OF INFANCY. 

As above mentioned, anaemic infants are apt to have enlarged 
spleens. This may be due either to the anaemia or to some 
disease accompanying or underlying tlie aneemia (e.r/., rickets, 
syphilis). It seems more x)robable that the hypertrox)hy is not 
directly or exclusively dependent on the aneemia, inasmuch as 
similar blood changes are found without splenic enlargement. 
By far the greater number of reported cases of severe infantile 
anaemia are accompanied or caused by such diseases as rickets 
and hereditary syphilis, both of which may cause splenic hy- 
perplasia even when no anaemia is present. It seems probable 
that the anaemia and the enlargement of the spleen are alike 
symptomatic of an underlying disorder. 

1. Some writers (e.r/., Luzet') divide the anaemias of infantry 
into two classes : those with splenic enlargement and tliose witli- 
out it. Luzet considers that the former class is severer than 
the latter and more apt to show large numl>ers of nucleated rfnl 
corpuscles than those with normal-sized spleens. Tliis chiHsi- 
fication, however, does not always hold. We may have xcry 
severe anaemia without splenic enlargement and si>Ienic I'ri- 
largement with slight anaemia, and the presence or al^senr^e of 
numerous nucleated red corpuscles is governed by crjuditions 
other than the size of the spleen. 

2. Another classification of children's auar*mias was jirojKiHwl 
in 1892 by Monti and Bem^grnn ("'Die chronisrrhe Anamie im 
Kindesalter," Leipzig, IHi^ii. They divided the cawfS into 

* Fi8chl : Zeit. f. HeillL. 1992. * Luzet : Dim.. PafU. 1^1. 
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tbe mild and the i/rave, each group beiug subdivided inbiM 
with leiicooj'toBis aiid those witliout it. 



They ri(^Ltly discard the terra " siileuic auiemin, " coireHpood- 
ixxg aa it does to no single set of blood chauges. The itbuvc 
cliLSsi£ciitiou pnts pernicious auHJiuiu, leukn'uiin, mid iuii«aia 
iufttutum t>seudoleukieini«i (v. JakscL) iu a different cjitegorv. 

{'i) Mihl cases of secontlary Huwmia show no deformitiefi in 
the Hhape or size of the retl cells. The color iudt^x lony nr Du,v 
not be low. The cases with leucocytf)sis are mucli mow nnner* 
ous than those without it and more apt to haven low col<witMl«[; 
in other words, the loss of corpuscle snbstanoe is ^roAtor mmI 
the cases are approaching the imaginary boundary betwwn 
"mild" and "grave." 

(/O The grave cases have itoikilocytosia, awl of coune > 
greater reduction of corpuscle substance. 

" Chlorotic" cooditions, and most but not all those with en- 
largeil spleen, come under this heading; also most of those due 
to hereditary syphilis, prolonged diarrhcea, and rickets. 

In 1894 Mimti ' gave the following classified lists of tlio oom- 
mouest antecedents of secondary aniemia in infancy : 

*■ ^STw"*^' " 1^'»*'rcuio»is. [ In tli^ mother during pregiiMicy. 
' " ' ( Malaria, etc. i 

From navel. 

Att^r circunicision 

Scurry, {lurpiira. htemopliilJa, Wwl- 

linf H din-ase. meleeBa. 
Inanition. 

Bad lijKlene (lack of light, klr. «k). 
Poet-febrile. 
Nppliritis. diarrhcM. Mnxia iAiiiM 

S:^pi.iiiB. 

Rti-kele. 
Suppuration, 

Dim^HeB of liTt>T, spleen. boMl tf 
lytnpli glands. 

He points out that cases with lencocytosis are otiiially gnw 
than those witliout it and may develop iuto pernicious 
' Wiener med. Wocli 
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also that the presence of leucocytosis does not poini to iiialig- 
iiuiit disease, supi>ui'iiti(iu, or any of the causes which usually 
account for it iu adults. 

Grave cases with leui-ocytosis in infants under twelve mnntha 
are apt to develop iuto the auuemia infantum pseudoleuka?ii]ica, 
ur into true leukiemia or pernicious aniBuiia. 

On the whole, the division of Monti and Berggriiu seems 
much better than that according to the particuhir causes, e.g., 
"rachitic anictnia," "syphilitic aufemia," etc., for there is no 
jjarticuhir set of blf«)d ehaut;es that follown rickets, sjphilis, or 
fluy other ilispase. In connection with various diseases of in- 
fancy, and particularly with those last named, we may have 
atuemia of any grade of severity from that reducing the red 
c<-ll8 to 4,000,000 down to wises with only 500,000 red cells iier 
cubic millimetre or even less. The woi-ae the case is the more 
likely is it to l« uccomjiauied by leucocytosis and the more nu- 
merous will be the nucleated red corpuscles, always moi-e numei^ 
ouB here than in auiemia of atlnlts. 

In si/philiH, hereditary or acquiied, the red celb may fall Im?- 
low 1,000,000 and the leucocytes may rise as high as 58,000 
(Loos). The hinnioglobin may be proiwrtionally diminished, 
ot may be even lower than the i>erceutage of red cells, so tliat a 
"chlorotic" condition obtains. 

Such C4ises have been called cMi.in«ie, but it seiems better to 
confine this term to aiisemia of unknown origin and favorable 
coarse wcuning in women soon after pul>erty, since obviously 
secondary cases may have similar l>loo<l, 

liirkvlti in a case observed by v. Jaksch caused a fall of the 
red cells to 750,000 and Luzet counted 1,590,000 in a similar 
case. The hfomoglobiu is usually low, but Hock and Scliles- 
iuger found 60 per cent with 2,300,000 red cell, a color index of 

'■-+■ 

Lencocytosis may occur even when no auiemia is present. 
Hot^k and Schlesinger found 45,000 leucocytes in a rai'hitic child 
of sixteen months, sound in other respects and not auifmic. 
Anife gmtfitifi causes at first only lencocytosis (with increased 
percentage of lymphocytes). If it becomes chronic tlie reduction 
of red cells is severe. Hayem fnuud only 685,000 red cells per 
cubic millimetre iu an infaut of two mouths, though recovery 
Hmentually took place. 
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In tiil/erculmis of lungs aud peritoDeum iu a child of sevtn, 
Monti and Berggriin countetl 3,*2;iO.O00 rwl and 17,200 wlnte 
cells with 52 per cent of liiemoglobin. 

Qualitaticc Changes. 

Tbe exaggerntion characteristic of all blood changes in in- 
fancy extends to the presence of nucleated red corpuscles, which 
in h11 forms of severe amemia are very numerous. What bos 
beeu described above (page 91) as the typical me^aloblast, a 
large pale-stained nucleus in a very large c«ill (neo Plate IV.), is 
relatively rare in infancy. The nuclei are almost always deeply 
stained whatever their size, and ajit to be suuill. Dividing 
nuclei are very common, Ixith by karyolysis an<l karyolunMut. 
These changes are most often found in the HnsBniinx uf thi> 
severest type and those which resemble leukemia (see below, 
p^e 1307), but may occur in any market! socr)udary aOHMnia. 
Pol,ichromatophilic and " degenerative" changes are very com- 
mon in severe cases. 

The increaaeil leucocyte count, so freijHeutly foiuid, la ofleu 
made up of a majority of lyinpliocytes. This change, aa above 
said, is not elmnicteristic of rickets, sypliilia. or any other raitno 
of anwniin, but it is to be regarded as a mark of thf arreMt nf 
development or reversion to an earlier ty)>e of tissufti brmifclil 
altout by variouH disposps in early infancy. SomeliueA the 
large 1\ mjihocytes and sometimes the small are in exceas. 

A further qualitative change already alluded to (sfie above, 
page 1*21) is the occiirrence of mi/dmyles. We have w»n thai 
smalt pi^rceutages of these cells are not itncommouly aeen in the 
auii'miiiM of adults. Now tliis, like all other blood uliaugve, is 
exaggerate N I iu iufaiic\'. Myelocytes are more apt to apjiear awl 
in greater numbers. Their jireseuce is not charm-teriatic of any 
one disease, but they are commonest in llm sevorpr typM at 
secomhiry ana>mia, such as those following srpliilis and 
rickets. Their significance is al>out the same as that of nor- 
moblasts. At times, however, they are so immtTona m Io 
make us hesitate somewhat before we exclude Bplpmc-myeln- 
genous leukaemia. 

This brings us naturally to the discossion of fhf lit^mllif of 
dtKlintpiighing the diferent fJoori dinennen ui infancy, which ImIw 
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aUy centres in the question of the existence and nature of the 
so called 

"ANEMIA INFANTUM PSEUDOLEUKuEMICA.** 

Von Jaksch*s' decrii>tion of this disease (which he was the 
first to recognize) includes the following elements : 

1. Grave anflemia— e.y., 820,000 red cells per cubic millimetre 
in one case. , 

2. Extensive leucocytosis — e.y., 54,660 white cells per cubic 
millmetre, in the same case. 

3. Great variations in the form, size, and staining of the 
white cells. 

4. Deformed, degenerated, and nucleated red cells. 

Von Jaksch admits that none of these blood changes are 
characteristic of the disease, but thinks that its title to the posi- 
tion of a distinct and separate disease rests upon clinical data, 
the more impoi-tant of which are: (1) A great enlargement of 
the sjJeen without any such accompanying enlargement of the 
liver as is usually found in leukwmia (the lymph glands are 
sometimes enlarged). (2) A relatively good prognosis. (3) Post 
mortem we find no positive evidence of leuktemia. 

This description was given by v. Jaskch' in 1889. He stated 
the relation of white to red corpuscles as 1 : 12, 1 : 17, and 1 : 20 
in the cases seen by him. Later he reported three cases in one 
of which the white cells numbered 114,150, and the red 1,380,- 
000. The diflferential counts are not carefully given. 

Almost at the same time Hayem" reported a similar case, 
and noted the abundance of nucleated red corpuscles many of 
which were undergoing mitosis. This was verified by Luzet * 
in May, 1891 (Arch, gfn. de Mkh), who repoi-ted two cases. 
His description of the disease differs considerably from that of 
V. Jaksch. He finds no gre^ater difference between liver and 
spleen than often exists in true leuksemia. The course of the 
disease, though sometimes chronic, usually ends in death. The 
leucocytosis in Luzet's cases was less marked than in those of v. 
Jaksch and not greater than that occurring in many anaemias 
of children. He dwells particularly on the large number of nu- 

' Von Jaksch Wien. klin. Wocli.. 1889. Nos. 22, 23. 
» ITaypin Gaz des Hopitaiix, 1889. No. 30. 
* Luzet: Diss., Paris. 1891. 
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cleated red cellu, ami tlia frctuwncy of uiitonin nod conHidoi 
the luoat importaDt diH^^noatic: point. 

Although Lazet's coctiuues to use the name Baggested I 
Jaksch, he desoribeK the disease so differently tliat it is dif 
t4) see why the same title should be given to it. Hu ugroM vriUi 
V. Jaksch in thinking that it is not simply a severe aecoiidary ui»- 
mia due to syphilis, rickt^te, tul^ercnlosis, or iulectioua dim«M« 

Somewhat similar cases had alremly l>eeu iles«Titi«l hr vtui- 
ona Italian writers (e.;/,, Fedp) under the title ot ' iii/rctirt 
Splenic iiitfvmia of Infanta" 

Amou^ others who liave written on the subject »pb Banituiky,' 
Senator,' Fisohl,' Audenud,' Monti aud Berggriiu,* Felwnth*!,' 
Raiiduitz,' Ei>stein,' Alt and Weiss,' Hock uud Schlewiuger,"* 
Crocq," and Rotch." 

The majority of these writers report very little us to the dif- 
ferential counts of white cori>u8cles. Aii increased i>erceutatp9 
of the polymorphonuclear forms is mentioned by many, bol 
Rot«h in a caite with 1,311,250 red cells and lll>..')OU white orlb 
found only Iti {ler cent of the polymorplionuch«ar varii*!; witli 
46 {ler cent of small lyiuphocytea, 34 i)er cent of large iympbu- 
cytos, and 4 ])er cent eosiuophiles. A second case had only 14 
per cent of iMtlymorphtmuclear cells and 84 jx^r cent of lymiilio 
oytea (large and small). 

Von Jaksch notetl the lack of any relative increase of ivMino- 
philes, sniiposing this to be a meann of dintinguishing bin nmM* 
from true leuksmia. Luzet. on the other hand, found eosiuo- 
philes numerous. (This of course has no weight for nr agaiiwt 
leukremia. ) 

Klein (/ix". cil.) unte<l the occurrence of myelocytes iu small 
number. 

■ BuKinsky: Arcb. f. Kinderheilk, , 18(f3. vol. 19. 
'Senator: llMlin, klin. Woch., 1892. 

• FiBtlil : toe «■(. 

• Anderiuii : Rev. de mM. dp l« 8uiwp roiK.. I8(M. p. SOT. 

• Jlitnti anil nerRgrfln r {oc. eit. 
' Ff Isenthal : loc cit, 

' RaiiilniUt. Pmg, med. Woch,, 18M, p. 0. 
•BpBtein^ Prag. nied. Woch.. 189*. p, 6. 

• Alt «n<l W«i8s : Centntlb. f ni«i1 WigaoDMhkft. 1899. 
'• Hoflk and SchkninReT : loc. fit. 
"Crocq: "Etude surrAd^nif," etc., Bnissels, 1801 (Ij 

"Roich: p»cUi«iri(». lana, |> am. 
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G discrepancy ol these tliiferent reporfcj is auygfstiiv. 

The chief importance of the beterogeueoiiH yroiiii of cases 
which have received the Jmiiie of anwtiila in/aiitiiin pnetiMeu- 
iitpiiiita seems to me to lie as a jn'oof of the difficulty of dibtiii- 
gaishiDg the various blood diseases in iiifaiicv. 

Among the cases reported under this name are some which 
might be any one of the following list: Pernicious anccniia, 
fieeoudary aniemia with leucocj tosis, Hodgkiu's disease, lym- 
phatic Icukiemia, and probably spleni(.--m\elogeuou6 leuktemia. 

(a) Most of the few reported cases of pernicious anspmia in 
infancy have shown moderate leucocytosia (as com[)aied with 
a^^lult blood), a fact which deprives us of one of the means of dis- 
tinguishing the disease from secondai'y auaniia. The rejiorts 
as to nucleated corpuscles very I'arely separate nonuoblasts from 
megaloblasts, and we liave uo way, therefore, of being sure on 
this important point. The high color index and large diameter 
of the red cells are occasionally seen in other ausmiae of infancy 
and are not always present in ijemicious cases. The gi'eat 
fatality of all kinds of ann?mia in infancy prevents our calling a 
caee pefitictous because of a fatal termination. Enlargements of 
liver and spleen occur in many cases of each type of infantile 
anipmia, and occasionally in peniicious anteniia of adidts. They 
Jo not, therefore, exclude pernicious auamia in infancy. 

Bearing these facta in mind, it is evident tliat some of Luzet's 
coses of "anaemia infantum pseudoleuktpmica" may have been 
l>emicioa8 autemia. Tnn Juksch's own cases may have been 
either (a) HodgkJn's disease with leucocytosia, (h) grave secon- 
dary autpmia with leucocytosia (Monti and Berggriin), or (c) 
leuktf^mia. 

(rt) Hodgkiu'a disease, which v. Limbeck finds to be very 
common in infancy, may affect the liver and spleen and not the 
external lymph glands, and may be accompanied by ajiieniia 
and leiicocytosis such as v. Jaksch describes. Epstein con- 
siders that this is the case, and denies the existence of any sucli 
disease as the aniemia infantum pseudoleuka^mica. 

(i) As any aniemia secondary' to rickets or syjthilis may have 
enlarged spleen and liver and marked leucocytosis, we cannot 
tell from v. Jaksch's description that we are not dealing in his 
cases with secondary anirniia. 

{(,) Since v. Jaksch does not give any accurate differential 



MH SPECIAL PATHOUWIV dp THE BLuOU. 

coimt of tLe leucocytes, there may have beeu lai^e uainbei 
iiiyelocyteii iu JiJs cases for all we know, or an overiv] 
{>ercei]ttige of lyuiphooytes, i.e., either type of lenkiemift. 

Oue of the caues repoiied by Botch as " anemia infi 
psmiiloleuktemica" had 80 percentof lymphocytes iusleuvocytv 
count of llti,.500, the ratio of white to red c^IIh beiug 1 :11, ain) 
the uui-leated corpuscles abiiudaut. The e:tiurnHl Jympb {{Uaib 
aa well aa the liver and spleen were eularged. How audi a vam 
is to be diHtiD)^iuhe<l from lymphiiric I(>ukR>mia without aatopfi.r 
I cauuot see. Lar^e uuuibers of nucleated corpuscles wiUi mitiv 
spji (present in this case) are to Iw found in any annmia o( iu- 
frinc-y where the red cells, as iu this ease, have sntik am low aa 
l,^jll,500, and therefore do not exclude leuktemia. 

Von Jaksch jirotestK that his cases are uot secondary to 
rickets or any other disease, but }^'isclil ' iu a carefol study of aJl 
the published cases fiuds that out of a total of eight4H>u cai^w, 
sixteen had severe rickets and two hereditary syphilis. 

The writings of Raudnitz, Elmt^iu, FcWuthal, Fis<-hl, and 
V. Lini))eck, which deny the separate existence of tho aiueroia 
iufantiiiu pseudoleukfemica, are conviuciutf to me, aiid are rviiH 
ffirced by the few cases of bad aniemia in children whicli I hare 
seen. We must distribute the cases of aniemin with leiictx'T- 
tosia and lar^e spleen under pernicious ansmia, secoodary an- 
(etuia, and leuktemia. 

But our problem is not 3'et nearly solved. All we hn 
gaineil is the belief that v. Jaksch's new disease does no! Iiol] 
to classify these doubtful ctises. The difficulty is still very 
The following cases reported by Dr. Vickery iu the Mt 
Xrnv for Dnctin]l>er, IHitT. illustrate this: 

Casi:: 1. — a male child of sixteen months with symptuma itf 
grave ameniia, greatly enlarged spleen and slightly eulargnl 
ed the following figures: Hi-d 



liver, hhowed the following figures: Hi-d ...Us, -^.oOO.IKIO; wLitr. 
cells, 22,(H1f. Uitferential count of ■">IHI i.-f\U showtnl: Lym- 
phocytes, H'i.H per cent (4li.*2 of the nmaller ty|ie): |K>)ymMr- 
phouuelear cells, '2U.4 per cent; eosiuophili>s, Ct.2 \»r cput; 
myplocytes, 10 i>er c^ut. 

While connting these, 147 nucleated red corpuscles wm« 
seen, of which 21 were normoblasts. !H) megalrjbUata, an 
microblasts; li showed mitosis in their nuclei. 

The child die<l shortly after without any complication j 

'Fisriil ZpiI f. Bfilkuiide. I8OT. 
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intercurreut dlBease. No autopsy. No evidence of rickets or 
83'philis or other previous tlisease. 

Case n.— Young infant with enlarged external lymph glands 
and very large spleen. July 14th, 1897— Red cells, 4,300,000; 
white cells, 31,000; haemoglobin, 60 per cent; polymori)h()- 
nuclear neutrophils, 57.5 per cent; small lymphocytes, 26 per 
cent; large lymphocytes, 15 i)er cent; eoainophiles, 0.5 per cent; 
myelocytes, 1 per cent. 

One or two nucleated red cori)usclea in every field. Out of 
100 of them 89 were large and 11 small. Many showed mitosis. 
Polychromatophilic forms numerous. July 19th — Seventeen 
megaloblasts seen while counting 1,(KX) wliite cells. Blood is 
otherwise about tlie same. The case w^as lost sight of and not 
traced. 

Now I see no reason for supposing these cases to represent 
a new type of disease, and yet I cannot feel perfectly safe in 
classifying them as primary anaemia, secondary anaemia, or leu- 
kaemia. 

(a) Primary or pernicious aniemia should have a lower count 
of red cells. The ])ercentage of myelocytes in the first case 
(ten per cent) is higher than in any other case of pernicious 
anaemia on record, though in one adult ciise with autopsy I 
found 9.2 per cent with a leucocytosis of 12,500, or 1,150 mye- 
locytes per cubic millimetre, against 2,200 i)er cubic millimetre 
in this case. 

(b) It is hard to call an antemia aec(mdary which kills with 
no complications and when there is no evidence of any disease 
to which it can be secondary. 

ftr 

(c) For splenic-myelogenous leukaemia the total leucocyte 
count and the percentage of myelocytes are very small in either 
case. Still the leucocyte count may drop very low in leukaemia 
even without any inflammatory complication. Such a case is 
reported by Osier, in which the leucocytes fell to 7,500, of which 
only 300, or four per cent, were myelocytes. 

Hay em (loc. ciV., page 864) in a ten months' child counted 
2,712,500 red and 33,000 vrhite cells, almost the same figures 
88 in the case just quoted. [Hayem unfortunately gives no 
differential count, but apparently considers the case leukaemic 
because of the enormous number of nucleated red cells, many 
with mitoses.] 

Morse's case of leukaemia in infancy had 2,900,000 red and 
48,000 white cells. Twenty -one and four-tenths per cent of the 
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leucocytes, or about 1U,IW), were myelfn-vtes. The aaiu» abml^^ 
(]an(.-e of niu-lnateil i-eil cella (some witli mitoses) w«re hew {tn*- 
eut as iu Havpiu's cuse, so that tliere is eviJentlv nothing pecu- 
liar in their presence iu the disease desc-iibed by v. Jaksch, M 
Luset supposed. 

These oa.s»i show that leukiemin may at certain periods |tr»- 
sent just sHoh a hlood picture as was pi-esent iu the al)ovcMi«oU?d 
case and that the numlier of leucocytes iu the Ifukwmia ol in- 
fants may I» no preater than that in any ajuemia with th« Ivn- 
cocytosis so common in children. 

It seems to me the most natural conclnsion to be dedw 
from these facts is that we meet with cases in iufancr trliirk ^ 
uppareitflij infermedinte iH'lifvot Ifitht-uiin nitii jtemu 
I have pointed out elsewhere that tliei-e are many points of j 
semblance between the two diseases. The uuse of leukio 
ported by Osier showed at one period — the period of rent 
aion — a fall iu the number of leuciH-ytt's aud in the perer-i 
of myelocytes till the blood waa practically that of i>eniicial 
auiemia. 

Dr. itotch's case (above quoted) is another in which the diaK- 
uosis seems to lie somewhere intermediate between tli« two 
diseases, itniemia imd leukiemia. 

The case which I have quoted above seems to me on tb« 
whole nearer to the tyjie of pernicious ana-mia than of Icokeniia, 
antl Dr. Kotch's nearer to the latter thau to the former; but o«cb 
is really intermediate, no fur u» the hh^iil tj-irt, between the two 
diseases. I have no intention of sn^gestiu^ that the organic 
lesions iu these coses are intermediate Itetween leukiemiaa 
[)eruicious auiemia. It is simply the blooi.1 that is 

Engel's case, reporteii iu Virchow's Archie, Vol. 13S, | 
ge^ts the same thing. He calls the case one of "ptew. 
cioiig aiKciitia," Meylocytes were abundant. 

Poli/iiiorpliont Comfiiion. 

This illustrates that " imlymorphoofl" condition of the blood 
which V. Jaksch supimsed to bo characteristic of theauntmiA in- 
fantum psendoleuktemica. The same thing was very marked in 
all the Ijad cases of auitmia which I ]m\& seen, iududitif; 
the case above mentioned, and a case of true leukivmia in 
a (lirl of einht. The impression one gets from the field i 
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ined apeeimen is that n" hvn while corpiinvles art alike. Every 

wiea is subdivided into Beveral Hub-varieties and all stages ot 

tgeneratioD are to be seen in eacli variety. But this ia char- 

&ct«ristic of auy very severe infantile anaemia and not of any 

sint^le type. 

LEUKEMIA. 

In Morse's careful article of August, 1894 (Boston Jthd. and 
irtf. Journal), twenty cases of lenkiemia in infancy are collected. 
B he rifflitly says, jirobably most of these casfs were not gen- 
Only one of them includes a differential count, and this is 
1 a lymphatic caee. Morse's is the only one of the splenic- 
eloi^enons type on record in which the dia^unHis is made 
MiMOiutbly certain by a color aufdysis. Fitich] iu 18(12 said that 
lere was no case on record witli a lUffereutiid count. 
A case was seen in 1M90 by Dr. F. C. Hhattuck, which was 
apparently acute, the symptoms apjiearin^ only six weeks be- 
fore death. Cover-tilasB preparations examined by W. S. Tha.ver 
showed a ratio of alK)ut 1 white to 2() re<l cells. The differ- 
ential count' showedi Small lymphocytes, 97.9 per cent; large 
lymphocytes, .7 percent; |>olynuclear cells, 1.4 i>erc#nt; eosiuo- 
pliile«, .08 per ceut. 

The other case reported h\ Mm-Me hii» been mentioned 
above. 

II Charon and ftiratea' have recently reported a case in a child 
bf eiyht with 880,000 red cells, 30.5,U<XI white cells, and 39 jwr 
iBtit of htemoglobin. It was apparently of the myehxiyte type, 
p. Mtiller thinks that there are about five other (German) cases 
In record, all of acute leukiemia and all with a similar blood 
touut, though in some the large lymphocytes (without neutro- 
philic granules) have Iwen descrilied as " myelocytes." 

Miiller" has lately reported with great care three cases of 
l^^leukismia, all of them iu bo\« four years old— all ap[>arently 
^^Kcute, all of the gastro-iutestinal type— i.e., the glands and fol- 
^^Btcles through<iut the whole length of tlie alimentary tract being 

^^ ,1, 



' Beported lij Thayer ii 
T<d. 138. p- 1 



the Boston Medical and Surgiral Joumal, I 



■Bull. il. Soc Roy. d. Scieac<« Med., etc.. Bruxellea, 18^. No. 7. 
'Jahrbuch rflr Kinderheilk., IHOO. vol, 48. 
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the chief seats of infiltration, though the liver and spleen were 
also enlarged. The connts were as follows : 
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Neusser's Perinuclear Basophilic Granules. 

Using the following modification of Ehrlicli's tricolor mix- 
ture, Neuflser' believes that he can bring out certain character- 
istics in the leucocytes of value in diagnosis and prognosis. 

t Acid f uchsiu 50 c. c. 

Saturated aqueous solution of -| Orange G 70 ** 

(Methyl green 80 *• 

Distilled water 150 - 

Absolute alcohol *. 80 ** 

Glycerin 20 *• 

Cover slips stained with this mixture show in certain dis- 
eases (e.g., gout, leukaemia) a grouping of dark blue-stained 
granules around the nuclei of the mononuclear leucocytes and 
over and around the nuclei of polymorphonuclear leucocytes. 
These granules appear to take up only the basic part of the 
tri-color mixture. 

For Neusser'fl conclusions regarding the meaning of these 
grannies, the reader is referred to pages 258 and 318. The 
researches of Futcher have in my oi)iDion utterly disproved 
Neusser's claims. The granules are of no known clinical sig- 
nificance and certainly have no direct relation to gout or any 
other alloxnric diathesis. I have a triple stain (iwt made up 
for the purpose) . which brings out Neusser's granules in every 
blood, normal or abnormal. 

»Wien. klin. Woch., 1894, No. 89. 
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CHAPTER XnL 

the clump i(e action. 
General Debcrution, 

Although tliis plienomeuou iu b) be ubUiiDoil in varioas il 
fections, natural aa well as exiierimeutal, ami witli various body 
f]iiii]N, I shall ileacrilw as a tipical i-aae of it the reiu'tion wliicli 
taken jiW© wliou the bldwl serum of a ixttient ill witli tvpb<:ii<l 
fever is aiUlefl iu ct-rtaia proportions {viile in/rn) to a yuang 
bullion culture of well-certifieil and viruleut tvplioiil luicilli. In 
A ilrop of such a mixture, exiiiniiipil between slide and rover* 
^Wh' with a inaytiification of 300 diameters or more (an immer- 
siun lens is not necessary), we notii^e, as soon as the Bemtn mad 
ciUturo are mixed, eiiHcr a marked slowing of the progreasiTe 
movements of the luiL-illi m- an nneipud distribution of them io 
tlie different parts of the preiiaration, some parts showtntt tlie 
I)a(-illi eldsHy crowdeil, wliile in others they aii> more BCnt- 
tered. Whichever of tliese chanRes occnrs tirnt, the fllowin^; of 
Womotion or the t^'udency to pronpin^, the other s<mi« follown, 
and then both processes ^n on to^fetlier, as admirably doecribed 
by Bigya and Park : ' 

" Some of the bacilli siran cease all iimj^ressive movement, 
and it will 1)e ntvn that thej are (gathering t^getlier in small 
(groups of two or more, the individual ba^-illi being still fwiiii«- 
what separaWl from emrh other. Gratlually tliey close op tbo 
spaces between them, and clomps are formed. According to the 

' Ilnngln^-drop propitnKtina ore often ri.-<roniin«nH(<d. but a Bitiipla tiUm 
ftod coTcr-gldM are at good Tor the piiipflscs of this reaction. 
> American Journa] of Uie Hediotl Sciences, March, I8VT. 
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coiiipleteness of the reaction, either all the bacilli inu\- linallv 
bei'oiiie clumi)eil and inimobilizoil or only a small luation of 
them, the rest remaining freely motile, and even those ehini]>ed 
may api)ear to l)e struggling for freedtmi. AVith Mood contain- 
ing a large amount of the agglutinating substances all grachitions 
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Fiu. 56.-i'urliul lieoctiun. 



Fio. r>7.— Typical C'liiinpiiiK- 



in the intensity of the reaction mav be observed, from those 
shown in a marked and immediate reactiim to those ai)i)earing 
in a late and indefinite one, by sim])ly varying the i)ro])ortion of 
UockI added to the culture fluid" (see Figs, oo, i)(), and 57). 

The i>roce88 may go on gnulually and be mm*h more distinct 
at the end of half an hour. 

The groups or clumps above descrilnul constitute the im{)nr- 
tant i^art of the reaction for diagnostic jmrjjoses. ( )f the loss of 
motility more will be said later. 
26 



4Ua SPECIAL PATHOLOGY OF THB BLOOD. 

Tlie cliuni>s maj- hauK together for a Iodr time. ITur; 
Ijesn obseneil uni?hauj;ed for one hundred and fortv-four hnon. 
On till) otber Laud, thev may be dissolved in a few liours tuul tlw 
liacilli re^uiu their motility. 

In watobing the forniatioii of the clamps it m eaav to sm 
that the bat-illi are positively attrat'ted to ewh other aud do uot 
drift passively into a heap. The loss of motility is uot tha 
cause of the olumpiu};, as they often begin to approach each 
other while in vi^'orous motion. The power of hxvimntiou in 
lost much sooner than nn^ the Hr[uirmiuK and spiumns motinni, 
which often persist among the bacilli iu the iieripheral ituin tA 
the ('Jumps iis well as ontside them. 

The clumps t^ud to adhere to the under side of the oorer- 
glass. 

Speinmena can lie fixed and stained with the bnnilli in eltUDps 
— cnntrostinK atrougly with the even distribntiou of th« li 
iu ordinary stained preparations. 

Techkiqde op the Ci,ujcp Reaction ij: T\thoid Pkti 

Our account of the metlnnlH of obtainim; the clump r 
may lie divide*! iuto the followiim iwrte: 

1. The IhkIv fluids to be used and the methods of c 
thpm. 

2. The cultures. 

3. Dilution and the time limit. 

1. The Body Fluids to be Used. 

Ext<eriment« have prt)ve<l that the reaction can be obtained 
with the following fluids : 

(fi) The whole blood, fluid or drietl. 

(/>) The phisma and serum, fluid or dried. 

{(■) The fluid obtained by blisteriug, 

Wi The fluid nm-mally present in the i)ericardiam, pl«^tm, 
peritoneum, and joints; ;io/ in rapidly iic<!nmnlated efToBiotM. 

(el The milk and colostrum of women sufl'eriug from typhoid 
during lactation. 

(/) Ptis from persons sufferinK with typhoid — whether tlM 
bacilli of Eberth are present in the pus or uot. 
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ig) Tears — natnrally (/.e., gradually) secreted. If secreted 
in response to the irritation of ammonia fumes, the tears do not 
produce clumping. 

(A) Some observers also find it in the fluid of oedema and in 
the bile. Others do not. 

(0 The clumping persists in the above-named fluids after 
death and even in putrefaction. The "juice" of the spleen, 
kidneys, and rarely of the liver, will give the reaction feebly. 

(J) Though present in the placental blood of pregnant 
typhoid patients, it does not usually exist in the foetus, 

The saliva, gastric juice, and sweat do not i roduce the reac- 
tion, so far as known. Tlie aqueous humor sometimes does. 

The urine and faeces sometimes do and sometimes do not give 
it, but these excretions in normal persons may also produce the 
reaction, so that they cannot be made clinically available. 

Of all these fluids, the blood, the serum, and the fluid of 
blisters are the onlv ones used in clinical work, both l)ecause 
of their greater convenience, and because the clumping power is 
much more marked in the blood and blister fluid than in any of 
the others. 

1. Use of (he JV/tole BUhkI— Fluid. 

The advantages of this method are {a) its quickness, and (6) 
the small amount of blood (one drop) sufBeient for the test. 

Its disadvantages are (a) that the corpuscles interfere slightly 
with the fields in which the reaction is to be watched, and (fc) 
that they sometimes lead to the formation of false clumi)S 
(**pseudo-ama8"), which simulate those j^resent in the real 
clump reaction, and lead to false inferences. Both these objec- 
tions are trifling, however, as the corpuscles can be excluded by 
waiting a minute or two until they settle, leaving a clear liciuid 
above in which the reaction can be observed. The false clumi)S 
are rarely seen, and can be differentiated from the true by care- 
ful technique (see below). 

I have used this method in many cases and always found 
it satisfactory and convenient. Widal, McWeeney, Delepine, 
Coleman, and others have employed it with success. It is 
most suitable for the "quick method" (see page 4(K>), and is 
chiefly employed in this way. 

Procedure. — Suck up some water with a medicine-dropi)er and 
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expel teu (Irt'ps uf it into u watch-Klass. Tbeii empty and ( 
Uie ili'i>p|>ei', draw up frtiiii tlie waU'li-gliise the tea ilroim jitAt 
exiH'Iled, iiuil mark with a lile ou the Hide of the dropper tlie 
point up to wliifh the teu-drop oohimri eiitends. Miirk alao tlin 
point to wliich oiie drop (exi>ellecl aud then Htidced up a^Mix oa 
t>e(ore) will rise. 

Teu drops of the boiiiliou culture ti( the liaciUi to be iumI 
are theu ex]ielled iuto eiu'h of se^-eral small U-st-tubeit, luwl (iw 
of tiie»e tut)es is carrie<l b> the bedside. After priokitiK tlie 
ear as if for blood examiiintioti' (soo \>iiti6 G), put tlio end of llw 
me<Ui;iueH.lro|)per iuto the bloiwl drop, and carefnily draw lioi^k 
Ihe rablier bulb (whith hna l>eeii pre^-io^lHiy puBhi-«l dtiwti orcr 
the Klasa jMirt of the dropjwr) uutil the blooil rises to the mark 
for Olio drop. Wi|te from the outside of the dropiier any lilooil 
that may adhere there aud then exi»el the drop iuto otie of ili» 
litllo tHst-tiilwn coutaiiiinM the ten drops of Ixniillon cult 
this way blood cnn be taken for examinatiou from 
patients in as many miuiiteti. 
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'i'liis method, though previously doacribed and I 
Widal, was first put into efiVt-t in larj^e uumbiTS of vww« bf 
Wyatt Joimson, of Montreal, for the use of the Board of Ueoltli 
of (^ui>l)et^, by whomsi>ecimeiisof dried bliHxI wiit by nuul were 
exiiminod and dia^^noses I'etnmed aa with diphtheria niltariH. 
Tt wiw aubsequenlly employed ou a Inr^^e scale by the Boards uJ 
Health of Sew York and OhicaKo. 

The advautayes of the luethiHl are («) the i'n«e and (luickneu 
with whifli the blood cau be obtaiue<), (6) the couveniencd for 
trausjiortatiou by mail, aud (c) that it does uot detnriorate or 
bei-ome contaminated by bacterial growtli, as siiecimeDa rj fluid 
WixmI or serum are so apt t<) do. Its clumpiuK i>owor is folly 
ec[nal to that of the serum in moat cases.' 

'Dit-se advautages ai-e very great and would surely lead to the 

' SqiiKziDg nixl mllkiD); the ear are of no liunii in ItiU jinxnliin ud 
enaltk us to get ou witli «. trillliig ami pnluU-ss puuclutc. 

' Wlclal and Dulepinc ihink tlio fluiil H-riini is Hliglitl; moro pumifMl 
tbe (Iriftl blood. Johii§oo admiis thut in unc [«aili of the ii 
th« iiiore powerful. I )invc otitoiocil rrncllixiH nllh Ilii^ driod blood laV 
wvpo Hj^litlis of the mws in w liich I got tlii'in with Ilie Oulil » 
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immediate and universal adoption of this method were it not for 
the following serious drawbacks : 

(a) It is diffiadt to measure the amount of blond to l>e used in 
the test. This is important, because, as we shall see later, a 
I)08itive reaction means not simply a clumping, but a chatipimj 
in a 1 : 10 dilution of the blood, to get which we need to know just 
how much blood we are dealing with. When we take the blood 
from a patient ourselves we can use the marked medicine dro^n 
j)er, as above described, but when blood is received through 
the mails for examination or taken by any one who does not 
measure it in some way, we cannot accurately gauge the dilu- 
tion. 

(b) It is agreed by all who have used the method extensively 
that the clumping may occur with the blood of healthy i)eople 
and hence confuse our inferences. Whether these " false clumps" 
are due, as Wldal supj)oses, to masses of fibrin and debris in 
which the bacilli become entangled, or whether they are formed 
in the ordinary way, there can be no doubt that they occur occa- 
sionally when dried blood is used. Johnson has succeeded in 
avoiding such errors in his own work by the use of attenuated 
culture {ride infra). 

These objections have led most observers to prefer the fluid 
serum, but when we have not the apj^aratus necessary for col- 
lecting and preser>dng fluid serum, or when such apparatus 
could not be transpoi-ted, the method is of great value. 

Procedure, — The blood should be dried either upon a glass 
slide or on a piece of glazed pai)er or card. Any absorbent 
substance is less available. Glass is easier to sterilize than 
paper. Several large dro])s should be placed in different parts 
of the glass or pai^er and tho)vnghh/ dried. 

If ijaper has been used, we cut out the dried blood drop with 
a pair of scissors, keeping close to the blood all round, and drop 
it into a test-tube containing one or two dro[)S of water, in which 
with some sharp-pointed instrument we mix the dried blood, 
freeing it as well as possible from the paper. 

To the liquid so obtained add eight or nine drops of the 
bouillon culture of bacilli and proceed in the ordinary way. Or 
we may drop the fragment of paper holding the blood directly 
into ten drops of bouillon culture — using the bouillon itself to 
soak off the blood from the pa|>er. 
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Wheu the btnoil in colln-ted on glase, it may be dtaaolTcd 
putting water ou the ghms am) rubliiug the dried b)o<Hl iu il 
until a decided red tinge is nbtained. A dnjp of this mixture is 
then diluted and mixed with the bouillon culture. Johnson 
does not pay much attention to the dilution of tlie mixture of 
dri^d blood and water, before examination, as he does not ftnd 
it necessary with his attenuated cultures. If necessary 
Will be collect«>d in wire loops of a given size, fairl, 
dilutions can be made. 

A. TJie Fhiid Strum— QiiUk Mrlhotl 

The enr is pricked in tlie ordinary way and about twenty 
drops are forced out by strong sijueezing. The blood is ivceivecl 
in a small (prefvably two-inch) tettt-tube, with the edge of which 
each drop is scrai>ed off the ear ; or we uiny su<'k the blood intu 
a capillary pijiette and expel it again into a test-tube or otlier 
receptacle. There is no need of cleansing the skin or st^-rilizin); 
the teat tubes in this methoil of procedure, as the whole proc«t» 
is finished up so rapidly that there is no time for contAuiiuKtiug 
organisms to grow. 

The blood when collected may be at once ceutrifugaliztMl, 
and tlie plasma used for the test, or we may wait till clotting 
occurs and use the serum. AVheu blood is collected in t«it- 
tnl>e3, it is convenient to free the edges of the clot from the tuba 
all round with some sharp instmrnent, so that the Bcmm may 
not be piunp<l down tmdemeath the clot, as it often is. If thbi 
is done, a drop of senim can he had within two or Uiroe minu^ 
and is then mixed with ten drops of bonillon culture, as ii 
described, and examined at once Ijet^teen slide and oo^-er-g 

(Dried serum can l)e used in tlie same wa.i' as drie<l bid 
but has no special advantages and has not been fretiaeutly t 
ployed by any observer.) 

R. The Fluid Serum— Slow Mtthvd. 

This WBH the way originally described by Widal, or i 
applied by him to the diagnosis of dinease. 

The serum must be collected asejificalty, and man; 
therefore jireferred to take it from a vein of tlie elbow, 
is punctured with a sterile syringe, tu* dcscriltetl on pago 47J 
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Durham cleans the skin of the ear with a two-per-cent solu- 
tion of lysol, sucks blood into a sterile pipette, and blows it out 
again into a sterile test-tube to wait for clotting. 

Or, if we desire to keep and transi)ort the fluid serum, it is 
sucked into the bulb of a modified Pasteur's pipette (sterile), 
such as is shown in Fig. 58, which is then sealed by heat at the 
points A and B. In this way the serum will keep for 
an indefinite period and can be sent across the ocean, 
as was recently done at the request of the New York 
Health Department. 

When we are ready to use the serum, one of the 
pointed ends of the sealed bulb is broken oflf and the 
serum expelled by gently warming the other end. 

The serum aseptically collected by one of the 
above-<lescribed methods is then added : 

1. To ten times its volume of bouillon culture of 
bacilli, z'.e., eight drops to five cubic centimetres of 

^ culture, in a test-tube, which is then left from eight 
to twelve hours in the thermostat at 37° C. ; or 

2. The serum may be added to ten times its vol- 
^ ume of pure sterile bouillon, and then a trace of the 

dry agar culture of bacilli added with a platinum 
loop and thoronglily mixed with the bouillon by rub- 
bing the loop against the inside of the test-tube, which 
f is then kept twenty-four hours at 37° C. If the first 
Fu> 68. ^^ these ways is used, we get the effect of the serum 
on the fully grown bacilli; in the second way — which 
usually needs fully twenty-four hours— it works on the nascent 
and immature organisms. 

Whichever method is used, we find that within from eight 
to twenty-four hours a remarkable change takes place in the 
appearance of the culture when serum from a case, e.r/., of ty- 
])hoid fever, is added to typhoid bacilli, nascent or full-grown. 
The uniform turbidity of the bouillon is gone and the li(|uid 
is either clear with an abundant flocculent sediment at the 
bottom of the tube, or is filled with coarse whitish i)article8 
separated from each other by clear bouillon. The latter change 
may take place the instant the serum is added to the culture, but 
usually needs from six to eight hours, and the full end reaction 
is often not completed till twenty -four hours elapse. Fraenkel 
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finds the reactiou m<Mt marked iu twelve to loitrteeQ bnon — tSSt 
so in tweiitv-foiir. 

A coutrol ta)>e cnutaiiiiug tlie same proiK>rti»tM of tbe satae 
culture nud of a health^' person's serum sbiiiild hIwuvh \if> jiat 
iuto the thermostat along witli the serum bi Iw t«>Mt«d. Ova- 
uioiiailj' ill such a coutrol tulie fiue hut nHilili' wliitiHh iIomI 
forma, hiC emh iliinf iiminnij (li«ti/>pt^tn-s ftiter of if»vl/, or fan hr 
ilissij/i'fd and the origiual diffuse turbidity [ipKlufwl hif nhtitnuif 
the liilw, while shnkiuK a tulw in which the tnie clump reu-tioii 
has taken place will not break up Uk* olumjiH nor r(<it*ti(rr> th- 
origiual turbidity. 

A» a1v>ve MU^^^estt^, the inicrosropical exHUiilintiot) nf IIm* 
"duHt" seen in such ii tcHt, or of the precipitate foriuetl nt iiut 
bott^im uf the tulw, shows it to lie made up of clumpH of InciUi 
similar to those uceu in the <piick method, but guuorally larger. 

Tim reaction is considerably less t.^ pical when the Hcmia 
used is dark-colored, but the effects of shnkiiiK thv tulje aitd tJie 
ooiu|>ariaou nnth the control iiHually enable us to decide. 

Some precipitate and cluuijiing maj' (xcur iu o«s€« not 
typhoid: («) when the bouillon Las not been filtered and coo- 
tAins sediment, in which the luioilli may become eutAti^lod; (ft) 
when a larjfe amount of the dry culture is ad<led (in tryitig tli« 
slow method ou nascent bacillii and not thorouKldy mised with 
the Ixiuillon; (c) iu c»we the platinnni loop is not quite cni>l(^ 
before the agar culture ia taken u|K>n it: {'0 in case the (.-ultan* 
is impure or the serum not iLsejitic. 

3. nilHlfr Fl'iid. 

Di^ga and Park find the fluid obtained by blistering the m<«tt 
satisfactory. A fly -blister the siiw nf a fiveM-ent piece in »p|ilied, 
and in from six to eighteen hours a blister has fonned. The 
semm from the blister is collected with a capillary tnbv, the 
ends of which are then sealed. This semm is admirably dear 
and free from blood corpuscles and answers the porpofie « 

Tliis metliiKl has never lM>en extensively uschI by i>lh«r 4 
servers, except Puglieri, 

Advanlacfea and Disadvaiitar/ea of' fhe " Quirk Mrthmi" attd^ 
the ■'Slow Method."^lu favor of the .|uick meth-Hlare: (I) lu 
quifhieHu, (2) the small amount of blotxl ueede«l, and (3) alMenni 
of any need for asepsis and of any danger of contikuiinntiou. 
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A^aiust it are: (a) the occasioual occurrence of j)seudo-reac- 
tions or false clumps, which will be discussed on pajjje 418; (7>) 
that it needs a microscopic examination instead of being evident 
to the naked eye, as in the slow method ; ' (c) that it needs 
watching and cannot be left to "go on of itself." 

In favor of the slow method are : 

(1) That to some observers it api)ears more reliable and less 
ai)t to give pseudo-reactions. 

(2) That it can be seen with the naked eye. 

(3) That we do not need to watch it but simply to note the 
results at the end of from eight to twenty-four hours. 

Against it are its slowness, the danger of contamination, the 
need of a large qmmtity of blood and of a thermostat." 

On the whole the great majority of observers ])refor the (piick 
method, and it has been used in three-fourths of tlio rei)orted 
experiments. My own experience has been exclusively with 
the quick method. 

Breuer, Catrin, and Vanlair and Beco are the only ones who 
distinctly ])refer the twenty-four-hour method in all cases. 

2. The Cultures of Typhoid Bacili.i to liK I'sed. 

1. Tlie stock cultures grow best on agar. 

2. Ordinary peptone bouillon, free fn^m sediment, is the 
best medium for the test culture. It should be just on the verge 
of litmus acidity, giving no blue to the red paper and reciuiring 
3.5 i)er cent of normal alkali to render it neutral to phenol- 
phthalein. 

3. All observers agree that the cultures should l>e yoKHfj — 
that is, that the transplantation to bouillon should have taken 
place not more than from twelve to twenty-four h(nirs l^efore the 
culture is used. Many obser\'ers find even the twenty-four-hour 
culture too old and prefer a twelve- to twenty-hours-old culture 
in all cases. 

4. The virulence and motility of the culture are very impor- 
tant. Most observers agree that the more virulent the culture 
the more readily and characteristically it is clumi)ed by typhoid 
serum. Biggs and Park noticed that one culture of peculiarly 

' Greene states that with the quick method a mottling of the speciincii can 
be seen with the naked eye. 

' Pick states that no thermostat is ni'eded. and that sedimentation takes 
place readily at room temperature. 
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prwit virulenoe receutly received from Pfeiffer of Berlin 
miii^h better io tlieir cases tlian any otlier of tliu cultum 
nufd. I have repeatedly noticeil that culluroa recently iak«n 
from auto[iHi<?t« mi patieiits wliu LjuI died during; the iu-ii>f> t4 
tlie fever wen! much more eaMil\ cIuiiiikhI than thowe tttken in 
autopsies on patiente who liad sncfumlwd late, (ift*>r tlw tem- 
perature had been normal for some time. I have also noticed 
thfit virulent cidtiues btdwu for a long time in the tliemioHtat 
with weekly transplnntallous (^Twlnally lost B good deal of Uieir 
sasct'ptiliility t(i the (.lumping power of typhoid sera. 

Presumably tlwwi changes mean a loss of vinilencw in 
cnlhire, eaiiiifiallv as thev have always l»eeii iiccom]>aiiiixI 
dimiuutiou in the iapidit.\ of motion in the bacilli. Oultora* 
fresh from au auto|«y usually show /"/■«>"« motility, tho l«cilli 
darting about like a swarm of insects, but after repeated truw- 
plantatititifl and long sojourn iu tlie thermostat a goo<l ih<td of 
this motility is gradually lost. CuttiiiTu iT/'t at room tctnfwri-n- 
liiie pivserve their molilUy fur murk lonifer penodit. 

For those who have no opiiortanity t<> tent the vimlence of 
organisms on animals, tlie motility is the best guide to Ti^ll•''n<1^. 
and the rule should be: Among the avollitble nillims stieti that 
kariii'j the most rapid motility. 

4. Certain cultures contain small clumps of bacilli be/orr ang 
Kfrttm has been added to them. This is a very important iNtiot 
and has doubtless misled many. In cousenpience uf this pnsat- 
bility every cnlture must be examined each time that a t4)Mt is 
made. It is not sufficient to examine each culture onco for all, 
as cultures vary slightly from day to day and also vary in dif- 
ferent tiortioiiH of the culture tube. For instance, ten dro|M lAk«n 
from the middle of the bouillon may bo found free from clomps. 
while if the next ten drops be taken from the surface or from the 
txittom of the liquid, they may contain clnm))6. 

This point has lieeu strongly insisted on by Widal, ^Anfnit 
and others. 

5. It is hanllv necessary to say that the cultures tised 
have been submitted to all the regular tests for the reoofcl 
of the typhoid bacUlus, and that the greatest care most \» 
t*i avoid their coiitftminatiou. 
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The Use of Suspensions or Emulsions of i?ie Bacilli instead of 

Cfdfures, 

A few observers — particularly Durham and Griiber — have 
preferred to use a mixture of small bits of solid agar culture and 
bouillon instead of bouillon cultures. The majority of writers 
prefer cultures. 

The Use of Attenuaied Cidiures. • 

Johnson iinds that with his methods of technique (dried 
blood and no definite dilution) pseudo-reactions were not uncom- 
mon with the blood of healthy people. 

He avoids this by using attenuated cultures — i.e., old stock 
agar cultures kept at room temperature and not transplanted 
more than once a month, from which he planted his bouillon 
cultures. This gives a bacillus of reduced virulence and 
slow, gliding motion, which is clumped far less readily than 
the virulent varieties. Bouillon cultures of this kind from twelve 
to twenty-four hours old he found to react in fifteen minutes 
with all typhoid sera and not with other sera even after forty- 
eight hours' waiting. 

Durham, Biggs and Park, and DelepiDe, on the contrary, 
found such cultures unsatisfactory, in that it was not possible to 
avoid pseudo-reactions with sera of diseases not tyi)hoid. I 
have been ecjually unsuccessful with this method, and believe 
with Biggs and Park that the most virulent cultures are the 
most reliable, if fluid blood or serum is used. When dried 
blcKxl must be used, the attenuation of cultures as advised by 
Johnson is i)robably the best plan. 

TJte Clump Reaction with Dead Bacilli, 

One of the most remarkable and interestiDg features of the 
clump reaction is the possibility of obtaining it with bacilli that 
have been killed by heat or by formol. 

Widal observed that bouillon cultures of typhoid bacilli ex- 
posed to a temperature of 57°-60° C. for one-half to three- 
quarters of an hour lost scarcely any of their susceptibility to 
the clumping action of typhoid serum, though they are quite 
dead. Higher temjyeratures (70''-120'^ C.) take away more 
and more of the susceptibility to clumping and also cause 
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ihe formatmn of/ahe cluitijia u-if/ionf the fuiilifimt of a 
tcliuleve): 

SimUurly oue drop of (mliuury foritiol misml with utUf liitu- 
dreil anJ fifty dn>)>n of Ijouillou «ultuit? of Eljerth'a bm-Uli Ulla 
tli^m, but apimreutly " piiibftlius" tlicin, bo tliftt lli^ir 8U«oe|»- 
tibilit.v to clumpiug is Bcai-c«l.v if at all lessened, ev^u after tlw 
lapse of five inniitlis. 

TLb bfti'illi i^radaally Hiuk to the Imttom of the tulx;, bat 
wheu shKkeu up distribute themselves eveul.v throughout thn 
medium aud cau be used like fresh coltures for dia^uostic itoi- 
poses. Borilet has uoted the suiun thiug with vdHuivm of the 
cholera-vibrio killed with chlnrnfnnu. 

These fu^^ts seem at tirst sight to conflitrt witli the tttat>'tneut 
maile alKive, that fi-esh, motile, and virulent cultures are liest, ntul 
that old oufiB are not relinble. But it may l)e, as WjiIhI fiq|»- 
poses, that the rapid action of heat or formol on Wmlent 
cnltui'BH {)reserves uuchauged tlie powf^r whii'h pndoimiH) 
gnjwth in old media destroys. If this lie true, it will etuible 
ua to disjieiise with our thermostat and careful nuntiui{ of 
cultures, sim^e a single first-rate culture can ]» tlinfl ~en- 
balmed" aud preserved for ante at all times aud omVr all cir- 
cumstances, 

Widal's results with this method liave not yet been oonfirmMl 
by others. 
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We have meutioued without explauation in variomi [Nirts nf 
this chapter that the bluixl serum or other fluids uned most be 
diluted with at least ten times their volnme of tionilloQ rnllnre 
before any observation is made as to their actinn ou the InnUi 
of typhoid fever. 

The reasons for this dilution and for the prui>or1iotj8 1 ; 10 
are the following : 

It has been found, as meutioued above, that the more fonoa- 
tion of clumjis in lM>uilIou cultures of Eberth's bacilli is no* « 
power exclusively p<issessed by typhoiil serum. The tterttni of 
persoua suffering from other diseases and even of healthy penuju 
will form cliim|w exactly like those formetl by typhoid bocillt. 
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provided it is not diluted. The only known peculiarity of the 
typhoid serum is that its clumping power is greater than that of 
other diseases, and persists in spite of dilution, while the sera 
of diseases other than typhoid lose their power to clump typhoid 
bacilli when diluted ten times or more. 

J I, Time Limit, 

But even this statement must be further limited. The sera 
of various other diseases, and of healthy persons, will sometimes 
clump typhoid bacilli even in a 1:10 dilution ^ provided ire give 
them time enough. We must therefore limit the period within 
which a serum must " come up to the scratch" and do its work, 
if it is to be considered a typhoid serum. 

Following Griiber and Durham, a time limit of one-half hour 
has l)een ado])ted by Griinbaum, Block, Haedke, Park, and 
others. 

All that these more or less arbitrary figures stand for is this : 
that hitherto no one has reported a)iy considerable number of cases 
in which the serum of a )iy disease or of healthy j^er sons has cbuuped 
typhoid bacilli within one-half hour, ivhen diluted 1:10 and used 
with unimpeachable technique,- 

Johnson finds dilution unnecessary with his methods of pre- 
paring the cultures, and Widal only lately has admitted the ne- 
cessity of a time limit, but the majority of careful and non-i)ar- 
tisan observers are agreed that these precautions are necessary 
nnlass attenuated cultures are used. If at any time cases are re- 
ported in which, despite these i)recautions, a cliimjangof tyjJioid 
bacilli hiis cxjcurred with non-tyi)hoidal sera, it will be necessary 
to raise the dilution to 1 : 15 or 1 : 20. Indeed there are many 
who think it should- now be ])laced at one of these two figures 
or even higher. Many German observers prefer to use a dilu- 
tion of 1 : 40 or 1 : 50 and a time limit of one or tvvo hours. 
This amounts to about the same thing as 1 : 10 dilution with a 
limit of fifteen minutes. 

The clump reaction in typhoid fever is to be considered 
specific and pathognomonic only in the sense that it occurs more 
readily and in presence of greater dilution in tyi)hoi(l than in 
any condition yet reported. (For detnils and excei)tions on 
these points see page 370.) 

The serum of most cases of typhoid fever during the second 
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week will clump typhoid bacilli when diluted 1 : 40, and many 
sera preserve the power even at 1 : 100 or higher. Widal has 
seen it as high as 1 : 12,000. The following table from Biggs 
and Park illustrates these points well : 





History, symptoms, and 

diagnosis at time of taluiig 

blood specimens. 


Corrected 

diagnosis on 

completion 

of iUness. 


Reaction of bacilli 

in broth cultures to 

serum in different 

dilutions. 


Reaction. 


■ZJ 


Amount 

of 
serum. 


Amount 

broth 
culture. 




1 


Adult; sick four weeks, con- 
tinuous high fever; pleurisy ; 
''tuberculosis** with possi- 
bUity of typhoid. 


Tuberculosis. 


1 


1 


Not appreciable. 


2 


Boy; sick two weeks; con- 
tinued moderate fever, abat- 
ing when test was mode; 
prostration, constipation: no 
typhoid symptoms except 
fever and prostration; 
"atypical typhoid fever." 


Uncertain. 


1 


1 


Not appreciable. 


3 


Adult; symptoms of acute 
articular rheumatism only: 
** acute articular rheuma- 
tism.** 


Acute rheu- 
matism. 




1 
4 

9 


Delayed moderate. 
Delayed very slight 
Not appreciable. 


4 


Adult; just convalescent after 
sickness giving character- 
istic symptoms and physical 
signs of pneumonia; " pneu- 
monia.** 


Pneumonia. 




1 
4 

9 
19 


Immediate marked. 
Delayed moderata 
Delayed slight. 
Not appreoable. 


5 


Adult: continued liigh fever: 
enlarged spleen; typhoid 
l)acilli obtained from spleen; 
"typhoid fever.** 


Tvphoid 
fever. 




1 
4 

9 


Immediate. 
Delayed incomplete. 
Delayed very slight. 


6 


Adult: relaiMie after four 
weeks of continuous fever 
with typhoid symptoms; 
•* relapse after tjrphoid fever** 


Tvphoid 
fever. 




1 

10 

50 

100 

doo 


Marked immediaie. 
Marked immediate. 
Marked immediate. 
Delayed moderate. 
Delayed slight. 


7 


Adult; seven days continued 
high fever; typhoid symp- 
t^ims; two days later an 
atypical rash ; "typhoid 
fever." 


Typhoid 
fever. 




1 

9 

49 

99 

199 


Marked immediate. 
Marked immediate. 
Marked immediate. 
Delayed but marked. 
Delayed moderate. 



The Mta^oscopic Examination, 

An artificial light is preferable. The use of hanging-drop 
preparations is unnecessary, as a simple slide and cover-glass is 
satisfactory. A hanging-drop cell may be extemporized by 
cementing with marine glue a small brass curtain ring to a slide, 
and inverting the cover-glass within it, as advised by Stokes. 
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Sero-Diagnosis of Typhoid. 

I have collected over 3,000 cases of supposed typhoid fever 
in which the clump reaction was tested as above described either 
with the fluid or dried blood. Of these, 95 per cent showed a 
serum reaction at some time in their course; 2,500 odd controls 
showed about 2 per cent of positive results in cases other than 
typhoid. Altogether then about 5,500 cases have been tested. 
If we leave out the reports of those whose experience covers less 
than 100 cases, we have left 4,339 cases observed by 18 physi- 
cians in which the percentage of error is 2 per cent only. 

There seems to me no doubt of the fact that the serum reac- 
tion is present in some part of the course of 95 or more per 
cent of all cases of typhoid fever, and absent in 95 or more 
per cent of all other conditions. But it is also true that it 
is absent in some part of the course of many cases of typhoid 
— usually in the earliest or latest days of the fever — and 
this fact makes it necessary to retest every case in which a 
negative result has been found, and even in some cases to make 
a considerable number of tests before a positive result is ob- 
tained. My own experience covers 202 cases of typhoid, all but 
7 of which were positive, and in 4 of these there was no oj)- 
portunity of retesting. In the last 108 cases, all of which were 
carefully retested, there has not been a single failure, though in 
some the reaction was very late. Out of 376 controls one re- 
acted like typhoid, a case of i)erniciou8 anaemia in a negro. 

How early does the reaction appear ? 

Few of the many observers who have written on this point 
have discussed how the beginning of the disease is settled and 
what they mean, e.g,, by the "fifth day of the disease." It 
might be dated from the first day of malaise and indisposition, 
from the nose-bleed or the beginning of headache, or from the 
time of going to bed. 

Allowing for such serious uncertainties as this, we find that 
while the majority of observers record the sixth to eighth day 
as the earliest on which the reaction ai)pe4irs, there are quite a 
number of cases mentioned in which it was seen on the fourth or 
fifth day; a few record reactions present on the third day, and 
two or three on the second dav. 
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Ah above mentioned, we have no way of knowing what the 
"second dav" means in these cases. 

In my own observations I have called the jirsf dmj in lud tht 
ffrst day of the dmase (though I am aware that many [mtients 
are sick Home time before taking to l)ed), lieeaiise it was the only 
date that could be definitely fixed in all cases. AVith this 
nomenclature I have found the reacticm i)resent on the tirst day 
in two cases and on the second in three cases. 

(■ounting from the first day on which the i)atient felt sick in 
(ituj trnff, th(^ Ji/th dmj is the earliest reaction day in my serit^s. 
In these figures we have always to rememl>er that in no case was 
the blood tested at all previous to the day on which the positive 
t(^st occurred, so that their meaning is: /// Hnmv tfisrs iwhat 
])roportion of all is unknown) the svnnn nurfiou nrrurs at Imst in* 
H(Mni (ts thf fifth dfff/ nf mataisv or the first dotj in lud, and jttrh'ff^^ 
SiHtmr, Not infrcMpiently the rejuHion antedates the ap])earani e 
of rose si)ots, sj)lenic enlargement, or the diazo reaction b\ 
several days. On the other hand, I have known the Imcilli 
to b(» isolat(Hl from the stools l>efore the serum reacti<m ai>- 
peared; but this is rare. 

Exi)oriments on animals show that the clumj) reaction a|H 
])ears in the bh)od on the third to eighth day after in(H*ulatinu 
with dead ty])hoid bacilli. 

Hnir /(iff in the disease d<ws the rcffrtion last? The majority 
of observaticms agree that in mild cases the rem'tion may die i»nt 
even before the end of the fever. On the other hand, the n^ 
action usually lasts several numths, and AVidal found it still 
present after <>ne year in 3 cmt of 22 ciuses in which he tried it. 
These 8 subjects had had very severe cases of ty phoiil three, 
sev(Mi, and nine yeai-s previously. It hiis l>een rei>orte<l ]»reM»nt 
tw<Mity and even thirty years after the fever. Biggs aiud I^irk 
found the reaction more constant in the fourth week than at 
any other time- 7() i)er cent of their cases testcnl l>etween the 
thirtieth and sixtieth davs still showed the reaction, and 5 of 
8 cases still reacted aft(»r three to four months. 

The rem'tion almost always ])ersists in relaj>wv4, even to a 
secoutl or third r(»laj)se, and (H'cnsionally it is present <>/*/// "« 

nhifhsf find not in the oriqinal ftttark at all. Biggs and Park - 

record a case in which the diagnosis was ])roved during tli»*— = 
original attack by puncture of the sj)leen, which showetl a pure-^ 
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culture of Eberth's bacilli, yet no serum reaction was present 
until the second day of the relapse. I have observed several 
similar cases, and quite frequently not found the reaction until 
convalescence. The failure to follow up such cases as these 
accounts for many negative reports. In one of Elsberg's cases 
the total duration of the clumping power in the blood was only 
eight days ; in another only twelve days. 

The continuance of the reaction after the fall of the tempera- 
ture is no indication (as some have supposed) that relapse is 
coming, for in many such cases no relapse follows. Very fre- 
quently the reaction is absent on a given day though present 
the day before and after. 

The Intensity of the Reaction, 

Widal and others have studied the intensity of the reaction 
at different periods of the disease, judging by the amount of 
dilution which could be practised without destroying the power 
of a given serum. 

Examples of this have already been given in the table on page 
363. The majority of typhoids in the second and third week 
yield serum which will clump Eberth's bacilli when diluted 1 : 40 
and many cases will do so even at 1 : 100. StraDgely enough, 
some typhoid sera clump better when diluted 1 : 16 or more 
than when undiluted. This has been repeatedly noted by 
Griinbaum. 

Widal and Sicard record clumping with a dilution of 1 : 12,000 
and 1 : 1,800 and consider that in the active stages of the dis- 
ease a dilution of 1 : 60 or 1 : 80 does not usually present the re- 
action, while in convalescence the power of the serum falls off 
gradually and is not always preseDt even at 1 : 10. 

Biggs and Park find one-half their typhoid cases furnish 
serum with the power to clump in 1 : 40 dilution by the end of 
the first week, and have occasionally noted the reaction even 
with a dilution of 1 : 200. 

Jemma found the reaction most intense at the acme of the 
fever and greater during the evening exacerbation of fever than 
in the morning. 

27 
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EtTKLTS OF THE SEEA OP OtHER DiSEAJiEB. 

Negative results are reported iu tLe followiug list of i] 
experimented on as coutniU: PDeumouia, tvphua, Mitlta feviT, 
tuberculosis in its various forms, iDcludiu)^ milinry tnbcreulo- 
sIb, tuberculai' meniugitiu, pueumococcu^ meuiugitiH ^punileut) 
and epidemic cerebro-spiual meniugitis, diphtheria, iuflaetusa, 
ulcerative endocarditis, erysi[>flas, pueriwral (tepUctmuin, ^Hior- 
rhoeal septiocitiia, measles and scarlet fever, tonsUitis, acmte 
articular rheumatism, malaria, leproi^y, s.vphtlis, l)in>Dchitu, 
pleurisy with effusion, acnt» and chronic DHphrJtls, mumps, oti- 
tis media, catarrhiil jaundice, soiatica, acromegalia, hrstoriol 
vomiting. Graves' disease, gau^reue of the lung, np[>eiidicitis, 
alMcess and cirrhosis of the liver, aout« febrile gaatroeutnritis 
("emlmmis gastritjue"), cancer of the various organn, alTenlor 
aliscess with fever, oaleomyelitia, bubo with fever, arthritis d»*« 
forniaiiB, chronic larymitis, iutestiuid oljstruction, general peri- 
tonitis, lenka>mia, Hodgkln's disease, i)emi<-ioaB amomia, diar- 
rlwea, chronic gastritis, gallstDue c»ilic witli fwvor, djaenterr, 
acnte iniinia, stuporous melancholia, synovitis, ueiirasUu>iiia, 
varicose veins, orchitis, BU]i]inrative thynijditis, {>eriQopliritw, 
cystitis, [lericnrditis, empyema, brain absoetts, valvnUr Iw-ftrt 
disease, diabob^, gas poisoning, alcoholism, and et-lamiista. 

The important diseases of this list, such as piiotimnniii, 
tulwrculoais. memngitis, and typhus, have been tried manr 
times. Biggs and Park got a positive result in one rasot wid 
to !« tyiiliiw. There is a chance of mistaken diagnosis here. 

/"-^(ViV-e n,Ki>tt>i of Ihe St-m of Other Dimix'-it inlh TypMaid 
Bacilli. 
Many of the sup^ioseil coiitmdictions of the law, that the 
ttfi'luiid bacilli nir clunifKii unUtin om-half hour only by fy/iA(wy 
seriiin when a liilutioii o/oiie jxtrt o/ frrrun to (en or more ofctilbm 
is usrd. are due to faulty t«chui(]ue. Such are probably tb« easw 
reiKtrted by Ferrand and Tbeoiiri (septiiwmia), VilUen mod 
Battle (ninkria), Oehrmaun and Wyukoop (pnenmonJA, broa- 
chitis, [ileurwy), and Stern (otitis media). 

On the other hand tht-re are a few cases rei>orted hy mntfnl 
observers iu which a genuine clumping of typliuid InctUi baa 
been caused by the sera of other iliseases, viz. : PeraieiMOB 
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malaria, comatose, one case (Block) ; diabetic coma, one case 
(Block); jaundice, one case (Catriu); tubercular meningitis, one 
case (Jez), and a few more. 

A case of malaria, reported by Catrin, with positive reaction 
of the serum on typhoid bacilli, was in a subject who had had 
typhoid five years before. In view of Widal's and Fraenkel's 
results, this cannot be counted an exception to the general law. 
The same is true of Grunbaum*s much-quoted cases, which he 
reported not as exceptions but to emphasize the necessity of 
proper dilution. Using a i)roportion of 1:1 instead of 1 : 10, he 
got clumping of ty])hoid bacilli with the sera of jaundice (two 
cases), meningitis and bronchitis (one case each). 

The cases re[)orted by Johnson, Braunan, Thomas, Reed, 
and other observers, in which the dried blood of healthy per- 
sons and persons with various diseases other than typhoid has 
clumped typhoid bacilli, are probably owing to the uncertain- 
ties connected with that method of procedure. 

In most cases in which the fluid serum was also tried it gave 
no reaction. 

The discovery that the bacillus of psittacosis and the " bacillus 
enteritidis" of Gartner are somewhat sensitive to the action of 
typhoid serum (see page 421) has led to the fear that infec- 
tions due to those bacilli might l>e mistaken for typhoid, but 
this is wholly an assumption, as in the few cases of these infec- 
tions which have been studied the serum has not affected typhoid 
bacilli. 

Further, it is only by a concentrated artificial typhoid serum 
that the bacillus of Gartner is clumi)ed, and the clumping of the 
I)sittacosis bacillus is quite different from that of the typhoid 
bacillus, the clumps of the former being very small and few; 
with the twenty-four-hour method no precipitate forms. 

Smnmary of Negative Results, 

Out of over three thousand cases of various diseases not ty- 
phoid, not over a dozen have l)een i)roved to clump typhoid ba- 
cilli with proper technique. It is (juite possible that further im- 
provements in techni(iue may enable us to prevent even this very 
small error. 
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EFPECT6 OF TxPHom Sebdm on Othzb Bacilli. 
(ti) On the liwiUua Coli Cknnmuni^. 

Any blood seioim uiised 1 : 10 with a bouillnii cultnre of colon 
bacilli may cause the foruiatiou of small clumt>8 without <.*oLai(l- 
erable loss of motility. The effect of tyyhoid seruiD does not 
differ from that of otlier sera, and the clnrnps which it torum are 
much smaller and looser thau those seen in the typical typhoid 
clump reaction, Differeut cultures of colon bacilli differ a good 
deal in their susceptibility to typhoid sei-um, aud Vaolair and 
Beco eoiLsider that no difference can be made oat in cprtaiu cases 
between its effects on typhoid bacilh or ou colon bacilli. Tba 
majority of observers, however, find a decided difference, eeiw- 
eially with the twenty-four-hour method, UndiUiUd typhoid 
senim acta more strongly on colon tliau on typhoid bacilli, ac- 
cording to Griinbnum. 

Big(^ and Park foiuid that "a number of varieties of motile 
bacilli other than typhoid Imcilli are clumt>ed by the tuirum of 
I)er8ou8 suffering from typhoid fever, even when the Bemm is 
n.sed iu quite high dilutions." 

Koilet noted tliat only a very sliintlit effect is jjroduced by ty- 
phoid »onuQ ou colon bacilli until a dilution of one part of serum 
to two of culture is reacheil. 

Friienkel tested a large number of colon cultures wit bort 
getting any decided fffiK.-t from the addition of typhoid a 

Courmout fouud that some cultures of the colon boctUiM 
clumi>ed by typhoid Hunim. 

Widal saw no difference between the effect of typhoid iwTillD 
and that of other sera on cohm bacilli, but Yeclel thiukn that 
young cultures are better clumpeil by typhoid semru than by 
other sera, 

Johnson, who studied a large number of cAsee, itayti: "A 
complete colon reaction we have found to be exceptiouol in of- 
dimiry typhoid, and ila presence would indicate n ooitdition 'if 
coli intoxication," which may be held to sum up the diMCossion 
up to tlie present time. 

(6) On Oie BacUliis Enteritidia {Gartner). 
Griiber and Durham, u.siug powerful artificial sera fnn 
Hiiimals immunized against Eberth's bacillus, were able to fibtaia 
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a clumping of Gartner's organisms. No experiments with hu- 
man serum are recorded. 

(c) On the Bacilha of Psittacosis. 

Psittacosis is a disease affecting parrots and occasionally 
transferred by them to human beings. A bacillus has been 
found by Nocard in the marrow of the parrot's wing-bones which 
is considered the cause. Typhoid serum has an effect on 
bouillon cultures of this bacillus, which is to be distinguished 
quantitatively from the clumping of tyi)hoid bacilli by typhoid 
serum; the heaps of psittacosis bacilli are much fewer and 
smaller, and in the twenty-four-hour method the turbidity of the 
cultures does not disapx)ear. 

id) The Klehs-Loeffier Bacillus and Pus Cocci. 

Courmont finds that typhoid serum clumps Elebs-Loeffler 
bacilli and staphylococci, but is withbut effect on the strepto- 
coccus and the bacillus pyocyaneus. 

Summary of Clinical Evidence on tlie Sero-Diagiwsis of 

Typhoid Fever. 

The blood of over ninety-five per cent of all cases of typhoid 
shows a clumping power in some part of their course, but in at 
least half the cases this does not appear until the second week 
of the disease, while in a small number of cases it first appears 
in relapse or convalescence. The clumping power may disap- 
'pesT before the defervescence and may be present only eight 
days in all; as a rule it x)ersists from the sixth or eighth day 
until convalescence is established. 

In diseases other than typhoid a clump reaction is very 
rarely to be obtained, provided a dilution of at least 1 : 10 is 
used with a time limit of one-half hour. There is no one dis- 
ease in which clumping is especially apt to occur. 

Clinically the reaction is of considerable value, especially 
when the diagnosis is in doubt after the first week of the dis- 
ease. 



432 special fatuoloqy uf the hl(k)i1. ^^h 

Sebo-Diaonosih of Diseases Othek thkv Tvphoiu. ^^H 
1. Choknt. ^1 

Griiber and Durham first showed thiit humaQ cholera wnm 
would clump cholera vibrios, followiuf^ the researches of Pfeiffer 
in vivo by demuiiHtratiiig a similar reuction in vitro. 

Achard and Beuaaude liitve applied this to the actual diag- 
nosis of cholera in man with coiiaiderablt- sncxresB. In foarte«ii 
cases, thirteen cbunpcnl reiulily; two of these were ou tho fint 
day of the disease. Thirty control cases were u^ative. The 
presence of the {>elliclo renders it unsafe to use lK>uilloa cultnrM 
except such as have no pellicle, for bits of it are much like 
true clumps. Suspensions of twenty-hour gelntiu cnltiires an* 
more convenient. The ililutiou and Hrae limit are the same an 
in typhoid. Some oa,ses will react even in 1 ; 120 dilation. 
The reaction can be performed with dried blood and |>entists 
into convalescence (seven months or more). 

2. Pi/iH-yaiitns JnjWiioiiit. 

The bacillus pyocyaneua has beeu shown to be in all piobti- 
bility the cause of certain cases of dysentery, broQcho-|iuea- 
mouia, otitis media, nephritis, itericanlitis, cystitis, and f 
hemorrhayio septiwemia with enteritis in the new-lxirD. 

lloger and Chiiriu found in 1889 thiit the bacillus p.vocyai 

is senim itf animals immunized against this bai'illus. Durham 
re])0)ited these oljservationa in 1895 and confirmed them. 

Hero we have the clinical infection ami laboratorj- c)iim|v 
reaction exiwriraeuts, but so far aa I am aware no one 1 
brought the two together or tried the serum of imtieuta i 
pyocyaueus infectious ou cnllures of the l>acillas. 

3. Ihphthrria. 
Widid rei)orts no success in attempta at the Bero-diagnoais 
of diphtheria, and Fraeukel has not beeu more succeaafu]. 
Kici )las and Charriu found that, although no true senun icactiaii 
could I>e obtained iu diphtheria previous to antitotiu treatauait, 
the injection of antitoxin produces in the patient's Bumm a da- 
cided clumping power over the Klcbs-L<*effler bacilli trittiin 
twenty-four hours of the time of injection. This is uspecioay 
marked in the twenty-four-hour methml, u^ing the ndsccut tucilli, 
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as tleacribed on page 407. Tie semm retains its t-lumpinB power 
for about two weeka after the injection of antitoxin, and then 
grailiially loses it. Oiitaide tlifi body the diphtlieria antitoxin 
easily clumps Klebs-Loeffler liacilli. 

4. Pne>un(K-occiis lufecHong. 

Washburn in 1895 noticed that pneumococci, when mixed with 
artiGciat antipneumococcas spniin and left tweutv-fonr hours at 
^T'C, were clumped in masses at the bottom of the tube, leaving 
the upper portions of tlie liquid t-lear. In other words he got a 
typical twenty-four-hour clump reaction, uhidk a jjowerful arti- 
ficial serum. The same fact had previously been observed by 
Metchuikoff in 1S91 and by Issaef in 1892, and has been recently 
confirmed by Moanj. 

Widal has l>eeu entirely unsuccessfol in finding any clump- 
ing with the serum of pneumonia patients, and Block finds the 
himpiuf^ of pneumococci very slow and unsatisfactory. Be- 
zaucou and Griffon get similar results. 

^H In view of the fre^inent associatiou of this l>acillu8 with dis- 
^^BBe, es])ecially with the cystitis of youn^ girls, it is important 
^fnat the possibility of a seronliagnosis of colou-baoillus iufec- 
^Knns should be studied, but as yet very little has been done in 
this direction. 

Griiber and Durham showed that serum from animals arti- 
ficially immnuizetl against the colon bacillus would clump that 
^■kiCilluH strongly, but Widal's early exiteriments with supjiosed 
^H^ses of coIon-liH*'illus infection did not show any decided reac- 
^Won, nor did the serum of typhoids which showed post-mortem 
a secondary colon -!«><■ illus infection react during life on cul- 
tures of this bacillus. 

Widal has lately claimed that in any case of colon infection 

7 the partici'lcr rac* of bacilli which are actually causing the 

) in question can be specifically clumped by the serum of 

tKt caee. In a case in which he firat isolated the Imcillns and 

ton used it with the patient's serum he got a clumping as high 

p 1 : 1,000 dilution. Lesnge in an epidemic of infants' diarrhcea 

1 that the serum of 40 out of 60 cases clmufied the colon 
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bacillus isolated from the stools. Eacli of the 40 sers clai 
each of tlia 40 cultures isolated from the 40 cases. The 
tjacillua of the uormal intestine of iufants of tlie same H^e 
not at all affected by the serum of the sick childreD, uor (lid tho 
serum of normal infants elump the nryanismw from the infected 
cMldrftD. This tends tn confirm Widal's assertion. .Xpiwr* 
ently this epidemic was due to a sinylo bjicillus which coald be 
ea8i]\' isolated and used tor exi)eriment. Tlie difficulty of ia«»- 
latin^ the bacillus of ever.v ca^e that is to be tested renders the 
method of very limited clinical value. 



6. Mal/a Fever. 
Wright and Smith tested the serum of 15 caeea of Holta 
fever with the mia-woccus mellteims of Bruce, and found a stroDK 
clump reat'tiou to occur (1:50 in most cases). On the typhoid 
bacillus the serum of these cases had no action. Sixteen c 
of typhoid sliowe<l no reaction with Brace's ort^anism. TliB 
e^-idence iu favor of tliis organism as the caoae of Malta fenvik 
strengthened by these tiwte. 

7. Peripneumonia of CaUle and Hog Chulera. 

Arloiug finds that the serum and other Ixxly fluida of c 
suffering from iieripneumonla have a marked clumping |>onrflra 
the pnenmolwcillus l>o\'is. 

DftWBon has liad similar positive results working with the 
bfifillus of hog cholera. Hog-cholera serum had no effect ou 
the typhoid or colon bacillus. 

S. Prokus Infections. 
Infectious with the proteus vulgaris or proteua : 
have been considered causative in cases of mastoid afai 
meningitis, and Potts' disease. ^Vllen found by cultiin^ 
autopsies the iguestion often arises whether they have wandei 
iu after or at the time of death, or whether they were really c 
cerned in tlie etiology of the case. Tlie investigations of Acliaid 
and Launelongue api>ear to give us the meaus of answering this 
question. They found tliat cultures of the two species of pro- 
tens alK)ve meutioned were markedly dumpeil by the st^rom n£ 
animals rendered immune to tliem by inoculations. This power 
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I)ersi8t8 after death and even in putrefaction, and if present at 
any given autopsy proves that the infection did not take place 
during the last two days of life, since it takes at least three days 
to bring the clumping power into the serum by artificial inocu- 
lation. 

9. Oidium Albicans, 

Boger showed that the oidium was well clumped by the 
serum of animals immunized against it, and these observations 
have been confirmed by Charrin and Ostrowsky. No experi- 
ments with human thrush have as yet been reported. 

10, The Bubonic Plague, 

Zabolotny ' studied forty cases at Bombay in April, 1897, and 
found the reaction absent in the first week, present in 1 : 10 dilu- 
tion in the second week, and in 1 : 50 dilution in the third or 
fourth week. He noted that the action of the infected serum 
seemed to deprive the bacilli of their capsules. In an editorial 
in the Arch, Busses de Pathologie, May 31st, 1897, it is stated that 
the reaction increases in intensity until the fourth week of the 
disease and then declines ; also that it is most marked in the 
severest cases. Feindel (loc, cit) states that in the acute pneu- 
monic cases the reaction is absent. 

11. Yellow Fever, 

Sanarelli ' states that the organism which bears his name is 
clumped very strongly and speedily by the serum of dogs im- 
munized against his bacillus. By normal human serum it is not 
clumped at all. By patients with yellow fever it clumped very 
slowly. Post mortem the serum clumps more readily but very 
variably. Pothier's * experience in the recent New Orleans epi- 
demic has been simihir. 

12, Belapsing Fever, 

(a) Diagnosis, — In countries where this disease is common 
the difficulty of diagnosing oases between attacks (when the 

» Deut. med. Woch. , 1897, p. 392. 

* Annales de r Institute Pasteur, October 27th, 1897. 

* Persona] letter. 
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spirochieteB are ab»eiit from tlie blood) in fretjaentlj met 
Luwentlifil has [>ei'fecte<l a metLod by wLii^Ii in inoHt cases tbe 
diu^iiosiH can be inude by mejins of the offect of the senim of 
BUBpecited cases ou the spirochict^-H of other active OHsm. The 
orKaai!4rn cannot be cultivated an yet, so tlmt a lUaKUtwis of 
this kind is [wssible only duriii|{ e]iideiuics wheii frvHli blooil 
coiitaiuinj; the or^iiiiism can Ijb obtaiue^l. A drop of blood from 
the suspected case is mixed with n ilmp fn>m a ]>atio»t tlmt 
undei>;oing a paroxysm, and the two are sealpd with wax be- 
tween slide and cover-i^hiss and left in the thenuoRtHt for half 
an lioiir t4i(;ether with a mixture of normal blood and blood cos- 
tainiu^; sjiirochsptes as & control. At the end of that time, if 
the case be one of relapsin^j fever, the orKanisms in contact with 
tlie blood from that case retuie theif motion, whilo thitsi* iii tliv 
control are lively. It is not a clump reaction but a direct lutc- 
tericidal effect which pereists in the serum nearly up to tlie tiin« 
of the uest attack. The diagnosis so made by Loweothiil in 
forty cases was verified in every case by the course of the dis- 
ease, lu this way mild or alxirtive cases with few organisiDB in 
the blood can also be identified. 

ill) Pio'/nwut. — If the al>oveljactericidal power lastti as late as 
the Heveuth ilay from the last attack, and in sufficient iutciuitjr 
to immobilize the spirocbietes in owr hour or less, there will be 
no relnpHe. If these conditions are not fulfilled relapn*. i» sure 
to follow unless prevented by treatment. Lowenthal has veri- 
fied this prognostic use of the serum in over one bnudred 
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(a) Griinltaura (Lauref, February 13th, ltW7) atstcH 
"non-motile diplococcna" from a case of sairlrl feerr 
clum)>ed by the serum of another case of scarlet fever. 

(ft) Dol^pine {Mediatl Chronivie, Octol»er, IfftMt) refers to mt- 
ceasful experiments with the Ufumis IkwUH — its antitoxin hsv- 
inK a decided clumpiut; action upon it. The semm of nomul 
horses clum)is the tetanus bacillus to some extent and tital of 
tetanized horses clum|>s it iutensi-ly. In eit^lit cases refem>tl 
to liy Feiudol ' the bacillus was clumixid by the aerom of lionuui 
tetiLuus, 

■ Arch. (l^n. d. Medecine. October, 1B9T. 
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(c) Durham (Lancety loc, cit.) speaks of the present antistrep- 
tococcus serum (Marmorek's) as having strong clumping power 
on streptococci, but Masino ' finds very few cultures react to it. 

(rf) Gilbert and Fournier {Compt. rend, de la aoc. de WoZ., 
December 25th, 1896) mention two cases of human psittacosis 
whose serum clumped well the bacilli obtained from another 
human case as well as those taken from parrots. Clumping 
was present on the fourth and fifteenth days respectively. 

Sero-Prognosis. 

• 

It is agreed by all observers that in a very general way severe 
cases have more marked reactions than mild ones, but beyond 
this, in the opinion of the best judges, we cannot yet go. 

Widal, Fraenkel, Biggs and Park, and Johnson have at- 
tempted no sero-prognosis, and my own observations are en- 
tirely in accord with this. The reaction may be strong in mild 
cases and feeble or absent in fatal ones. 

Certain writers, however, especially Breuer, Courmont, 
Catrin, and Ullmann and Wohnert, have thought the reaction 
of prognostic value, an intense and early reaction seeming to 
them of evil omen. Further evidence on this point is much 
needed. 

[For bibliography, see page 429]. 

1 La Semaine Medicale, 1897, p. 114. 
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It has seemed to me best to give a list only of the books and 
articles which I have found most useful, since the general 
bibliography of the subject is now large enough to form a 
volume by itself. Most of the larger works here described con- 
tain extensive bibliographies — especially that by Grawitz. 

Text-Books. 

1. Hayem: "Du Sang," Paris, 1889, 8vo, 1035 pages (French). This 
valuable book is the largest that I know of on the subject, and contains a 
mine of information on the morphology of the blood in health and disease, 
mostly from the author's own experience, literature being but little re- 
ferred to. It contains a comparative anatomy of the blood and a long 
account of blood development. Unfortunately, it is dominated through- 
out by a theory of blood formation which has never gained acceptance by 
any other authority. It is very full on the subject of fibrin formation and 
of chlorosis. The illustrations are excellent. 

2. V. Limbeck: "^Qrundriss ein. klin. Pathologie des Blutes,** Jena. 
1890, Svo, 383 pages (Fischer). The second edition of this book, which 
appeared in February, 1896, is more than twice the size of the first edition 
(1892) — a fact illustrating the rapidity of the subject's growth. It is on 
the whole the best general text-book known to me, being equally full on 
all parts of the subject, including, for example, technique (which Grawitz 
omits) and of the chemistry of the blood, which is at present the author's 
special interest and on which Hayem is meagre. The illustrations are 
poor and the type is trying to the eyes. The writer shows little personal 
experience with the morphology and micro-chemistry of the blood, and 
this is tlie weakest side of the book. A large part of the book is concerned 
with the physiology of the blood. 

3. Grawitz: **Klini8che Pathologie des Blu tee," Berlin, 1895, 8vo. 338 
pages (Enslin). Issued in April, 1896. This book is largely devoted to the 
matter indicated by the title and contains no account of blood technique, and 
only thirty pages on the normal anatomy and physiology of the blood, while 
two hundred and seventy concern the blood in disease. The arrangement 
of the book is very clear and helpful. The author's main interests are in 
the estimation of t)ie dried residue of the blood in various diseased condi- 
tions and in the bacteriology of the blood, so that the book is specially full 
on these topics. The illustrations are poor. Type and paper are excellent. 

4. Ehrlich and Lazarus: "Die Anaemie," Wien, 1898, 8vo, 143 pages 
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latent researches and adniimbly clear as regardi the microsoopic kfiprsr- 
Buces. This is EhrlLch'n latest utterance — his last bonk previoiu to Uii« 
being issued in 1!W1 {vide infra). It contains iiloo a (.ihmI deal of intrr 
eating theoretical diacuMion on the sources and fcirmati<in of the eli-tnmt* 
of the blood. There are but three rather inditTerent illiiMratioiiM fun- 
^colored). Tlie book fonua part of vol, iii. in Nothnagel's 
Patholot;v and Therapeutics," but is issued separate]]^. 

5. Coles: "The Bl»od : How to Examine it." etc., Lnndoa. It<W| 
and A, Churchill) , Svo. A very clear account of our pretusot know 
on tile subj(>ct. Especially full on techniijue. 

6. Schmultz: "Pathologie den Rlutee und di^ Blutkrankheit^n." t 
xig, 1890. lUtno. 268 pages (Naumannj. A much nnialltr book than • 
tlie others and including the symptoms, pathology, and treatment of hi 
disea>«4. as well as a jiathulogy of the blood itself. S|ie(rilic gravity a 
blooil is a point of special interest n-ith the author, Thc-r^ are iio llluKtra- 
tions. The book in excellent as far a« ic goes, well arranged, and cltmt. 

TheBfl are the Ijest text-lKxika ku<iwn to in* ou the i 
subject. Nnue of tLeiu have lieen tmuslatocl. 

Text-Book Articles oti Blood Diaeaaea 

1. Stengel's articU- in vol, vii. of the "Twentieth Ointury PractI) 

Medicine" Is by far the best teat-boolc article in English that I know o 

!. Usler. in the " American Text-liook of the Theory anil Practice i 
Medicine," foI. ii, (fhlladelphia, 18(U, Baunders). write* an excellvot 
fifty-page article on "Diseases of the tiltjod." It covprx. of rourno. < 
the blood diseases proper without much account of the Mood in other Ci 
ditions. 

3. Tlie arlicln "The Blood in Infane>'." in Botch's rmdiatrica. e 
thix branch of the subject very thoroughly. 

Thesti are the best articles iu Eii^liish thut I know of, 

4. The article .m "La Pathologie du Bang," by Oilberl, in Umi Bve- 
volunie "Traite de Medecine" edited by Chart!ot, Bouchard, and BriMAud. 
Paris. IS^Sa (Masaon), is inferior to those lutt mentioned and is iniiMly an 
echo of llayeui's wiirk aliove referred to. Tlieories long expluded {e.g. . 
that eosluophiles are fiathognoriionic of leulueniin) receive the author* 
sanction. The article is one hundred largo octavo pages lung auil ii In- 
tended to cover the whole nuhject. 

5. Griffith's eighty-page article in Keating'* "Cycloptedia of ih4> Bia- 
eaaea of Children," vol. iii., p. T.^.'i (PhiUdelphia, IftM, LippinoottJ, ia 
now a Kood deal out of dale. 

(I, The articles on blood diseaoea in the latnt editions of the l«at-M 
of Osier, Strfltnpell, Da CosU. Flint, and Pagg- contain ntlattreijr | 
ftbout the blood itself. 
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TreatiseB on Special Portions of the Subject. 

1. Reinert's "^ Die Z&hlungderBlutkorperchen/ Leipzig, 1891 (Vogel), 
246 pagea, is an admirable account of tbe avoidable and unavoidable 
errors in blood examination, and the best methods of reducing error to a 
minimum. A number of careful examinations of the blood in health and 
in various diseases are also given ; and an outline of the scope of blood 
diagnosis closes the book. 

2. V. Noorden's ** Chlorosis" (Wien, 1897, 8vo. 209 pages) is by far 
the best piece of work so far published on this subject. The clinical and 
therapeutic sides of the subject are fully treated, as well as the hsematolo- 
gical pathology. 

8. Tdrk's monograph on the ** Condition of the Blood in Acute Infec- 
tious Disease'' is an admirable resume of Qerman and French literature 
on the subject, together with a detailed study of fifty-two cases. Published 
at Wien and Leipzig, 1898 (BrauraQUer). 847 pages, 8vo. 

4. Rieder's "* Beitrage zur Kenntniss der Leukocytosis, ** Leipzig, 1892 
(Vogel), 220 pages, is an admirable work in all respects, although now 
considerably out of date. It shows, as very few of the foregoing treatises 
do, a practical acquaintance, on the author's part, with the details of 
blood morphology and microchemistry. A very large number of blood 
counts in many diseases are recorded. 

5. Lowitt's "Studien zur Physiol, und Pathol, des Blutes u. der 
Lyraphe" (Jena, 1892 [Fisher], 8vo, 138 pages) is mostly concerned with 
experiments on animals and intended to throw light on the theory of leu- 
cocytosis. The conclusions of the book have not been generally adopted, 
though its facts have been mostly verified. 

6. Thayer and Hewetson's book, on the ''Malarial Fevers of Baltimore,** 
leaves nothing more to be desired in that direction. It is two hundred 
and fifteen pages long, published by the Johns Hopkins press of Baltimore 
in 1895. It contains a summary of the literature of the subject, an analy- 
sis of six hundred and sixteen new cases, and some admirable colored 
plates. It is a model of its kind in every respect, and an ideal for others 
to aim for. 

7. Ehrlich's'^FarbenanalytischeUntersuchungen*' (Berlin, 1891 [Hirsch- 
wald], 137 pages) contains nine short essays by Ehrlich and three by his 
pupils. Considering the reputation of the wjriter they are at the present 
day rather disappointing reading, and contain little that is not better 
expressed elsewhere. 

8. Weiss's "* Haeniatologische Untersuchungen" (Wien, 1896 [Proc- 
kaska] 112 pages, 8vo) contains many valuable studies on various points. 

9. Under a somewhat dififerent heading come the sections on the ex- 
amination of the blood in v. Jaksch*s ''Clinical Diagnosis'* (English 
translation, London, 1893, Qrififen & Co.), a seventy -five-page article 
containing many inaccuracies ; and Lenharz : '* Microscopic und Chemie 
am Krankenbett" (Berlin, 1896, Springer) , a fifty-page article. 



Hagaaine Articles of Special Value. 

1. On CoDccntration and Dilulioti of the Blooil— Oliver ; L«or«t. Jn 

27, 1888. 

2. On LeucocytOBJa — GoldBchneidn' and J&coli: Zfit. fOr klio. Hed.. 
1894. vol. S5. Krebs: InauK. Diswrt., Berlin, 1803. Sadler ; rorarhr 
d. Med.. Supplenienl-Heft, 1892. Also Klein. JD Volkniann's Sanimlan^ 
klinischer Vortr&ge. December. 18B3. and o( course Rieder and TOrk aborv 
referred lo. 

3. On AnuQiia — Dunin : Volktnann's SfinimliiDg. klin. Vorlr&j(e, IWKi. 
No. 136. Romberg: Berlin, klin. Woch.. June2S. ISBT. 

4. Parasitic Anaemia — Schaumann : Zur Kennlniaa der Hog. Bolhrio- 
cephnluB Ananiie. Berlin. 1693. 314 I'agw ; and A»i<aiia«7 : Zrllaclir I. 
klin. Med., 1895, p. 493. Browu : JoumAl of Experimental Medicine. 
May. 1898 (Tridiiuoais) , 

5. Leukiemia— Fraenkel : Deutsche itied. Woclienachrift. 1 
Fraenkel. ISth CooKresx fiir inn. Hedicin. Wieehoden, 1897. 
iWiiem. Doi^k : Moecow Intemat. Congreeii, 1897. 

6. Pernicious Anraniia — Disciisaion by Birch-Hfraclifpld. 
Troje, and nlhers. at the XL Congress f. inner. Hed, (LeipKig. 1BS2;. 

T. Pneumonia— Billings : Bulletin of the Johns Hopkins Hospital, 1 
vember. IS94. Diphtheria— BiUinKS : New York Hedicral Rrirurd. Apt 
M. 18110. Typhoid— Thayer : Johns Hopkins Uospilal Ileport*. vol. it.. 
No. I. Eugel. l.'JthCongresB fftr inn. Med.. Wiexbitden. I!*B7. EUantbc 
mala— Felsenthal : Arch. f. Kinderheilk. . 1893, p. 7(1. Zappert : Zcltachr. 
f, klin. Med.. 1893, No. 23, Small-pox— Pick ■ Arch. t. Demwtol. und 
gyph.. 189S, p, 63. Sepsis— Rose her : InauR. Dissert, Berlin. 1IM. 
Oliolera— Biemacki : Deulsche mod. Wochenarhr.. 189S, No. 4S. DiabMa 
—Bremer . Moscow Intemat. Cuagrcss, I89T. 

S. Syphilis— (a) RtfiHS. Arch. f. Derniat. undSyph.. 181)5, Hf. 1 and fc 
(t) Justus: Virthow'a Arch,. 1805. 

9. TuberuuUnia — (n) Dane: Boston Medical and Surgieal Jounul, Uaf 

28, 18M. (t>) Stein uud Erbmann : Deutscbe mM. Wochenschrin. 18M, 
No. 58. p. 32B. (c) Oravfiu: Deutttohe med. Wochensthr.. IBM, No. it 

10. UAllKnaut Disfase— Taylor (International Me<ii''Hl Magazine. Jalj, 
IS9T). (u) Sadler: Loe. cit. (b) Reinbach: Langenbock's Arcbir. ISW, 
No. 4S. (c) Strauer: Dissert., fireifswald, 1893, 

11. Bacteriology— Sittniann : Deutsehea Arch. f. klin. Med.. tuL 53. 

13. Diseases of the Stomach (Mpeclally Cancnr)- Schnejrrr : Z»ittchrtfl 
f. klin. Med.. I89S, p. 475. Oster^pey : Inaug. Diss.. Berlin. 1893. 

IS. Eosinophiles—Zappert: Zeilschr. f. klin. Med.. 1893. toI. SS. 

14. Hieniooonien- MQUer: Wieu. nied. Preew. 18M. No. 80. 
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Abscess. 223 

iodine reaction in, 223 
of liver, 196, 292 
of lung. 236 
other formfl of. 234 
perica3cal, 223 
perinephritic, 234 
subphrenic, 235 
Acetic acid, solution for counting 

white corpuscles, 18 
Actinomycosis, 108, 239 
Acute ana3mia> 190 
Acute delirium, 315 

yellow atrophy of the liver, 289 
Addison's disease, 126. 320 

myelocytes in, 121 
Adenitis, 175 

tubercular, 267 
Alkalinity. 48 
in cholera, 212 
in diabetes. 316 
in fever, 183 
in gout, 317 
in osteomalacia, 321 
in rheumatism, 207 
Altitude, effect on blood, 79 
Amyloid disease, 175 
Anaemia, 82 
causes of, 94 

classification of, in infancy. 388 
color of skin and mucous mem- 
branes in, 82 
destruction of corpuscles in, 89 
due t) intestinal parasites, 383 
in infancy, 387 

infantum pseudoleuksemica, 391 
in gastric atrophy, 275 
leucocytosia in, 388 
myelocytes in, 121 
nucleated red ceills in, 89 
pernicious, 133-151 
post-febrile, 191 
primary and secondary, 84 
red corpuscles in, 85 
stages in secondary, 85 
splenic hyperplasia in, 387 
white cells in (see Leucocytoeis) 
-Aneurism, 299 
-Ankyloetoma duodenale. 383 
28 



Antipyretics, effect on leucocytes, 
186 

effect on red cells, 183, 827 
Antipyrin, eosinophilia from, 118 

leucocytosis from, 110 
Aoyoma, 238 
Appendicitis, 223 
Arthritis, gonorrhoeal, 210 

septic, 210 
Asiatic cholera, 211 
Asthma, bronchial. 809 

cardio-renal, 310 

Bacteria in blood, 888 

in blood of sepsis, 215 
Bacteriological examination of the 

blood, 47 
Barlow's disease. 825 
Basedow's disease, 820. (See Graves' 
Disease. ) 

eosinophilia in. 116 

lymphocytosis in, 116 

myelocytes in. 121 
Basophilic cells, 66. 168 

granules, Neusser's perinuclear. 
399 
Beriberi. 241 

Blood, bacteriological examination 
of. 47, 888 

counting. 11 

crises, 128 

destruction. 824 
I examination of dried, and 
stained, 61 

examination of fresh. 5 

examination, value of, 8 

in infancy, 885 

normal appearances of, 9, 50, 61 

plates, 53. 59 
"Blood-Dust" (MQller's). 59 
Bone diseases, eosinophilia in. 116 

tuberculosis. 259, 120 
Bothriocephalus latus, 888 
Brain diseases. 9VZ 
Bronchitis. 189, 194, 807 

acute, 807 

chronic, 808 
Brown ian motion, 9, 868 
Bubonic plague, 425 
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BuroH, haemoKlobinaemia in, 827 
myelocytes in, 120 

Cachexia, canceroue, red cells in, 

88, 332 
Cancer, 832 

anaemia in, 888 
effect of metastases in, 844 
lack of aneemia in, 884 
leucocytes in, 338 
effect of poHitiou of, 889 
of breast, 340 
of gullet, 345 
of inteHtine, 347 
of kidnev, 348 
of liver, *340 
of omentum. 348 
of stomacli, 341 
of uterus, 849 

percentage of haMUOglobin in, 
334 
C.rhcmic acid iM)i8oning, 80, 121, 

327 
Carcint)ma (see Cancer). 
Castration, effects of, IKi-llS 
(Vll death, prevention of. 8 
(•erebral diseat^e (see Krain). 
Cerebral hemorrliaj^e. 1*28, 251 

tumors, 251, 313 
Cerebro-spinal meningitis (epidem- 
ic). 249 
Chan 'ot- Ley d»Mi crystals, 109 
Chicken-pox, 207 

Chihlbirlh. influence on red cells, 
51) 
intiuenc<» on white cells, 102 
Chlomform-hfuzol. use of. in esti- 
mating siwcilic gravity, 40 
Chlorosis, l-VJ 

haMuoglohin in, 152 
infantile, 3^9 
mvelocvtes in. 121 
reil <'t»lls in, 153 
spec i tic gravity in, 15*^ 
white cells in. 150, 158 
without known blood changes, 
159 
Chohemia, 290 
Cholangitis. 2S5. 291 
Cholera, Asiatic. 211 
(Chorea, 313 
CUrrhoiic liver. 280 

chang«»8 in red cells in, 7?<. S9 
hvpcrtroi>hic forms of . 2ss 
Coagulati<m. 49. 324 
Cold, effects of. 58, 102 
Colic, hepatic and renal, 229, 290, 
305 
intestinal, 229 
Colitis, 282 



Color index. 128 

Color of blood in chlorosis. 152 

of blood in leukaemia. 160 

of bloo<l in pernicious anaemia, 
188 

of skin in anwmia, 82 
Coma, blood in. 251 
(Concentration of blootl, 57, 76. 296 
Convulsions, leucoi'vtes in. 814 
Cornil's " MarkcelU,*" 71 
Counting, ditficultiet; of, 15 

of red cells. 11-lH 

of white cells. 18-22 
Cover-glassea. cleaning of, 7. 43 

method of h<»lding. 7 

necessity of clean li new. 7 

prefmrations. 43 
Crenation, 50. 86 
Oetinism, 319 

Cyanosis, general, effect on bhxHl. 
74. 296 

local. 74 
C'ysticeicosis, 312 
('ystitis, leuccK^ytes in, 108, \U4 

myelocytes in. 121 

Debility, effect on red cells, 315 

effect on white cells. <»7. 6*<. 114 
De<?en»»rative changes in red vAha, 

53. 04 
Dermatitis. 109 
Diabetes, myelocytHS in, 121 
Diabetic coma. 310 
Diarrhoa, concentration t»f ihe 
bhxMl in. 70 
chronic, 2m2 
Differential countint:. method of. 40 
Digestion leucocyttisit%. 99 

leucocvtosis in gastri«' caiict-r. 

343* 
leuco<'yto«is in gastric catarrh, 

279 
lencoi'v tosis in gastric nh*er, 270 
Dilatation of the ht'-mach. 2*»o 
Dilution of the blocnl. 12. 57. 7>k 
Diphtheria. 197 

effects of antitoxin, 198 
leucocytosis in, 199 
lymphocytosis in. 2(M» 
myehKjytes in, 2<M) 
red corpuscles in, 197 
Distomum luematobium. :ts2 
Dried preparations < f blcMMJ, 43 

preparations of bltKni, nni cell* 

in. 01 
pre|»aration« of I)1ock1, whito 

cells in. 62 
residue of blood. i^tim&lloD c»f, 
275 
Duodenal ulcer, 277. 827 
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Durham's blood counter, 22 
Dysentery, 282 
Dyspepsia, 278 

Ear. puncturing the, 6 
K *ZHnia, 109 

EtTiisious, serous, 76, 242 
Emphysema, t<09 
Kmpvema. 244 
Endocarditis, 293 

ulcerative, 215, 293 
Enddglobular clianges in red cells, 

m 

Enteritis, acute, 279, 282 
clmmir, 282 

Eosinophiles, appearance in fresh 
blood, 52 
appearance in stained blood, 05 
in malignant disease, H50, 350 
in normal blood, 07 
life history of, 08 

Eosinopliilia, '116-119, 150. 204, 239, 
30SK 351). 350 

E.)sinopiiilic myelocytes, 71, 107 

Epiderni(! dropsy, 240 

Epilepsy, coma afti»r, 251 
reil ci*lls in, 89 
white cells in, 119. 314 

Ervrtipchn. S9. 212 

Etat cril)rirorme. 280 

Exercise, elFcct on blood. 50 

F.Ki'AL impaction, 230 
P'.itigue. ctTccts on blood, 57 
Fel.)ii. lOS. 234 

Fever, inlluciice on the blotnl, 183 
Fibrin network, 53. 54 

net^vork, general pathology of, 
124 

network, in cancer, 332 
Filaria sanguinis boininis, 374 

s:in;;uinis honiinis, examina- 
tion for, 375 
Fixati<m of blood films by alcohol 
and etlier, 43 

of l)lo(ui fdms bv beat, 43, 44 
FltMschl's luemometer. 3:i-37 
Fl'Mting kidney, 229, 307 
Furunculosis, 108 

Gall-sti^nks, 290 

(ias. ilhrninating. {)oisoning by.80. 

109, 121, 327 
Gastric canecr. 341 

dilatiilion. 2S0 

ulcer. 275 
Gastritis. 27H 

chronic. 279 

corrosivi*. 281 
Gastroenteritis. 276-278 



General paralysis of the insane, 121, 
312 

Genitals, influence on blood, 116, 
117 

Ghinders, 238 

(viands (see Adenitis) 

Gonorrhcva, 117. 236 

(iout, 317 

Gowers' solution. 12 

Graves' disease, 320 

Gravity, 8i»ecific, methotl of esti- 
mating, 40. 125 

Grippe. 113, 214 

HEMATOCRIT, accuracy of, 80 
advantages of, 30 
method of using, 30-33 

Hiv matology. 3 

Iltemocytolvsis, 326 

Haemoglobin. estimati(m of. 33-40 
general patbology of. 123 
in cblorosis, 152 
indirect esliuiation of, by 8i)e- 

citic gravity. 41 
in malignant disease. 3!^. 353 
in iHTuicious ana>mia. 134 

Hfemi^globimvmia. 89. 218. 320 
paroxysmal, 326 

ILvmoglobin<mieter, Fleiscbl's, 33 
Oliver's, iJS 

Haemophilia, 0, 325 

Henmrrliage. 10(;. 120 

hemorrliHge. cerebral, 312 • 

Hemorrhagic disi^ases. 324 

Heart, tliseases of, 293 

diseases, of. aortic, 298 
diseases of, concentration of 

blood in. 290 
diseas«»s of. congenital. 298 
diseases of. dilution of bbxHl 

in. 297 
disease's of, leuc<x*vtcs in. 297 
diseases of. mitral, 298 

Her|M»s zoster, 109 

Hodgkin's disease. 177 
disease in infancv, 395 
disease, myehx'ytes in, IHl 
disease, transition to leukiemia. 

1 1 1 
disease, white cells in. 181 

Hydatid. 235. 289 

Hydnemia, 82. 95 

Hytlnmephrosis. 175 

Hvjieracidity and hvpersecretiou, 
*280 

Hypochondriasis, 314 

Hysteria, 117, 251, 314 

Icterus of the new-born, 285 
Illuminating gas, ix>i.S( ning by, 330 
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Infancy, anteniaa of, SHT 

blood in, 885 

eoaiiinphilia in, 110, 117 

hsemoKlobin iii. 388 

IcukR^niia in. iJUT 

lymijlKX^toeiB in. 114 
iDfluenea. SU 
Intanity, aiifeniin in, 3in 

eoeinopliilia in ac^uW. 119. 81S 
Iiile^tine, cjincerof. 848 
of, 281 
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JAU^DICE. uatarrlial. changee of red 
cells in, 60 
catarrhal, increasml r«eiHlance 
nr re<l CcUr iu. 2M 

catarrhal, toIuwih uf red cella 

in, 384 
in pneumonia. 185 

KiDN'KV, caucer of, S48 
diiteasefl of. 2W 
diseases ot. amte. 800 
diseaaea of, chmnii-, 801 
floating. 239, 307 
floating, eyat of. ITS 
etone in the, 30C 
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Leucoiwrija. 118 
Inanu-tnia. 113 
in infect iouB diseaaee. 11? 



Leuco|H^nia ii 
Lfuktvmia. 160-176, S«T 
adult leuixwytiw in, 168 
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eoeinnphilM in, 116, 107 

ha-iiir'Klobin in, 16 

iu infancy, SM 

lymplmlie, I6fl 

lympliocytM in, 16fi-170 

lucKaliiblaBtti in, lOS-ITO 

myelocytes in. 165 

NensHer'e granuhs In, 169 1 

normublaBts in, 163. 170 

r^ coqiuttclM in, 80. 161, | 

Heiiticiemia in. 171 

splnn ic-niyelogeini 

white cells in. 163. 170 
Lipwuiia. 135, 815-SI6 
Liver, ahecew ft. SK 

acuWyelldw atrophy uf, lOt 

cancer. 846 
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1. 8B 
Lepro«y. 272 
LeucoiyloBiB. S6 

abs'cnc*' of, 113 

after cold bnthB 
Mige, 102 

after iMrturition, 1U2 

Atvpical leucocyt«fi iu, 113 

de'finition of, 06 

diagno«tlc value of, 100 

from therapeutic influence*. 110 

inflaintnator}-, lOU-loU 

in infancy, 101, »H8 

of digeetiiin, UV. 2T«. 27B, 8411 

of malignant diBenne. 388. STrl 

of pregnancy, 101 

of the rnorihund. lOfi 

of the new-bom. 101, 885 

pathological, 106-114 

phv Biological. B8 

p(>8t- hemorrhagic, 106 



hydatid of, S»9 

LungK, diaeaBi-Bor, 807 

Lymphwmia. iei> 

Lyinphoi'j'tee. sppearannwof, ) 

ivri.vutage among whilo « 

67 

Lyiiiphircytocria, 114 

in chloroeis. 114. 1S7 

in Oraves' dis««»e. 114. I2|,J 

in infancy. 114, 88S 

in leukemia. 167-169 

in malignant disrate, 848^1 

in pernictiiiM ntn-mia. llO 

in pneumonia, 115. IM 

in ricketa, 822 

ill Hyphilio, 114, STO. S89 

in Ihyroid feeding, 118 

in typhoid fever, 1B5 
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Malaria, preparation of stained spec- 
imens, 870 

red cells in, 89, 873 

wliite cells in, 878 
Malignant disease (see Cancer and 
Sarcoma). 882 

disease, differential diagnosis 
of, 859 

disease, summary of blood- 
changes in, 858 
Malta fever, 288 
Marrow, eosinophiles in, 67 

myt^locytes in, 67 
Measles, 205 

leucocytes in, 113, 205 

red cells in, 89, 205 
Measuring corpuscles, 65 
Megaloblasts, 91 

in chlorosis, 155 

in malignant disease, 889 

in parasitic anaemia. 884 

in pernicious anaemia, 141 

in secondary anaemia, 94 
Melanaemia, 126, 820 
Meningitis, 248 

cerebro-spinal, 249, 251 

tubercular, 265 
Menstruation, effect on red cells, 56 

eosinophiles in, 116 
Microblasts, 94 
Mitosis, 68 
Molecular motion in corpuscles, 9, 

50, 863 
Mononuclear neutrophiles, 65, 72 
Movable stage, use of, in differential 

counting, 46 
Mumps, 205 
Myelocytaemia, 161 
Myelocytes, 69, 72, 120 

in cancer, 851 

in leukaemia, 165 

in other conditions, 121 

in pernicious anaemia, 146 

in sarcoma, 857 
Myocarditis, 295 
Myxcedema and cretinism, 276 

Necrobiosis of red cells, 85 
Kephritis, 800 

acute, 800 

chronic, 802 

chronic diffuse, 801 

chronic interstitial, 804 

parenchymatous, 801 

necrobiotic changes in, 87 

red cells in, 88, 300 
Nervous system, diseases of, 811 
Neuralgia, 312 
Neuritis, alcoholic, 311 



Neuritis, acute multiple, 811 
Neusser's granules, 258, 877 
Neutrophilic granules, 64, 69 
Newton's rings, 14 
Normoblasts, 90, 94 
in chlorosis, 155 
in infantile blood, 886 
in pernicious anaemia, 141 
in secondary anaemia, 94 
Nuclein, eosinophilia from, 119 

ieucocytoeis from, 110 
Nucleated red corpuscles, 89 

red corpuscles, atypical forms 

of, 92 
red corpuscles in anaemia of in- 
fants, 891 
red corpuscles in chlorosis, 155 
red corpuscles in malignant dis- 
ease, 888 
red corpuscles in pernicious an- 
aemia, 144 
red corpuscles in tuberculosis, 
254 
Nutrition, effects on blood, 57 

Obesity, 815 

Obstruction, intestinal, 284 
Omentum, cancer of, 848 
Operations, surgical, contraindica- 
tions in the blood, 180 

surgical, effect on leucocytes in 
cancer, 841 

surgical, loss of blood in, 127 
Osteomalacia, 821 

eosinophiles in, 116 

myelocytes, in, 120 
Osteomyelitis, 117, 121, 284 

tubercular, 259 
Osteosarcoma, 855 
Otitis media, 194, 288 
Oval corpuscles, 87 

Pachymeninqitis h^smorrhaqica, 

818 
Parasites of the blood, 861 

intestinal, influence on the 
blood, 888 

malarial (see Malaria) 
Paresis, 818 

Pellagra, eosinophilia in, 116 
Pelvic abscess, 281 

neuralgia, 229 
Pemphigus, eosinophilia in, 116 
Pericarditis, serous, 247 

tubercular, 267 
Perinuclear basophilia, 258, 899 
Peritonitis, 228, 245 

general septic, 245 

granular, 246 

pelvic, 281 
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Peritonitis, tubercular, 264 
Pernicious aneemia, 133 

aDsemia, changes of red cells 
in, 89, 134, 140 

anaemia, diagnosis of, 147 

anasmia, eosinophiles in, 146 

ansdmia, lia)inoKlobiu in, 138 

anaemia in infancy, 3U5 

anaemia, lymphocytes in, 145 

anaemia, megaloblasts in, 144 

anaemia, myelocytes in, 146 

anuimia, necrobiotic changes 
in, 88 

ansemia, relapse in, 134, l.?6 

anaemia, white cells in, 136 
Perspiration, etTect on bUMxl, 57 
Phenacetin poisoning, 827 
Phlebitis, 194 

Phosphorus iK»i8oning. 80, 110. 290 
Phtliisis. 253 

anaemia of, 253 

etminophiles in, 119. 258 

fibroid, 25 

myelocytt's in, 120, 25H 

wFiite corpuscles in, 255 
Physiology of blood, 50-71 
Pipett<» (rtee Tbtmia-Zeif-s) cleaning 

of, 18 
Pilocarpine, leiu^ cytosis after, 110 
Plagu<\ bubonic, 238 
Plethora, 73-80 

possibility of a true. 80 
Pb'urisv, 242 

purubmt, 244 

si^rous. 242 

tiibertnilar. 243, 267 
Pnounionia, 184 

artificial production of leuco- 
cvlosis in, 185 

bacteriology of bloo<l in, 184 

coagulation in. 184 

leucocvt^s in, 185 

prognosis in, 1H5 

red cells in. 185 
PoikihwyU-sis, >^{\ 
Poisoning, alcoholic, 331 

cornsivf, 330 

opium, 330 

ptomain, 331 
Polychromatophilic changt-s in 

pernicious anauiiia. 141 
Polycytha*mia, 73-75, 79 
Polymorphonuclear cells. 0-1-67, 166 
Polymorphous bl(K)d in h*ukaMnia, 

169 
Potflssiutn, chlorate of, poisoning 

bv. 327 
Pregna!U!y, 56 

extra-uterine. 230 



Puerperal m&iiia, 815 

mania, myelocytes in, 120 

sepsis, 218 
Puncture of the ear in blixxl ex- 
amination, 5 
Purgation, concentration of the 

blood in, 76, 281 
Purpura, 824 

changes of red cells in, 88 

necrol iotic changts in, 88 
Pus tube, 231 
Pyajmia, 216 

changes of red cells in, t*S 
Pyelo-nephritis, 305 
Pyonephrt sis, 807 

Quinine, e(Te<a on bhxxi in fever. \t<'^ 
poisoning. leucocyt«-s of, l<»i» 

Ratio of red to white c# Us, «siiiiia- 
tion in fresh bhMid, 9 
of reil to white* cells, (stinmtion 
in stained sj ♦cimei s. r»l 
Regeneration of I lood after liemor- 
rhage. 127 
of bl(MMi after o|>eration ft»r 
cancer, 335 
Relapsing fever, 425 
Resistance of blood to water, ••h c- 

tricity, etc., 48 
RheumatisUi, acute articular. 207 
chronic articular, 210 
muscular, 210 
red cells in. 208 
subacute. 210 
white cells in, 209 
Rickets. 322 

aiuemia in. 322, 3S9 
leuciK'y tcsis in, 323 
lymplnH'ylosis in, 114. 323 
myelocvtes in, 122. 323 
Rotheln, 113, 205 
liouleaux formation, 50 

Salink cathartics, inlhienro if. on 
the blood, 281 

solution, noimal, 128 
Sarcoma, 353 

anatmia in, 353 

eosinophilia in, 116, 856 

leucocytes in. 854 

myelocytes ir, 120, 3,56 
Scarlet fever, 203 

chan^^ts of red cells in. S9 

eosinophilia in. 2(M 

leucocytosis in, 203 

necrobiotic changts in, 89 

Scurvy, 324 
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Scurvy, lymphocytosis in, 114 
Secondary aniemia, 82-95 

causes of, 95 

grades of, 94 

Mara^liano's degenerative 
changes in, 89 

nucleated red corpuscles in. 90 
Sei)sis, 215 

bacteria in blood of, 215 

in leukwmia, 171 

in wounds, 215 

leucocytt»8 in. 216 

niyt'locytes in, 120 

puerjwral, 218 

n'd tells in. 216 

Htn'pt >cnccus. 218 
Senndiaguosis, 400 

in bubonic plague, 425 

in chol<»ra, 422 

in colon-bacillurt infections, 42IJ 

in diphth»Tia. 422 

in lu)g (•ht)lera. 424 

in Mjilta fever. 424 

in ptM'ipnouinonia of cattle, 424 

in pn»'Uin«)C(>cciis infcctionH, 422 

in protcus infections, 424 

in psittacosis, 424 

in pyocyaneiis infections, 42o 

in n»lapsing fever. 425 

in scarlet fever, 12<) 

in sfptiea'niia. 12(> 

in tet.'inuH, 420 

in thrush, 425 

in typhoid . 1 15 

in vellow fever. 125 
8oro-progni»sis. 427 
Serum, exaniin:jlii»n of. ins 

clusnp renctioii. general descrip- 
tion. 401 

eluMip-n'aetion teehni<|Ue. 402 

drit'd hlood, use of. 105 

euliures, how prepared, 4011 

dilution and the time limit, 412 

fluid hlo:)d. use of. 404 

Ihiid s»Tum. use of, 407 
Skin di>«*Ms«M, eosinophilia in, 110. 

117 
Small-p >x. 20(1 

leucocytes in, 206 

ptKMimonia in. 185 

red cells in, SO. 200 
Solids, estimation of, in blood, 49 
Spinal cord, chronic diseases of. 313 
Spirochii'te of relapsing fever. 379 
Spleen, hyiM»rtrophy of, in rickets 
and all an emias of infancy, 
:isr> 

tumors of, 119 
Spl.'uectomy, effects on blood, 183 



Staining, Biondi-Ueidenliain fonn- 
ula, 44 
Ehrlich-Riondi formula, 44 
fluid. Ehrlich'8 latest, 44 
mast-cells, 66 
Neusser's perinuclear basophilic 

granules, Ap|>endix. 
of red cells when degenerated, 89 
the malarial parasite, 370 
Starvation, effects of, onblo<xl.57,76 
Stomach, 274 

canctT of. 341 

channels of. influence on blood, 

274 
dilatation of. 2H0 
inflammation of, 278 
ulcer of, 275 
Suprarenal extract, concentration 

of bkKKl bv, 77 
Surgerv, value t)f blcMnl examina- 
tions in. 129, 221, 223. IVX) 
Sweating, concentration of blood 

in, 70 
Sympathetic nervous system, in- 
fluence on blootl of, 110, 118 
Syphilis, 2(58 
of lung, 310 

aniemia in. 20H and 3^<9 scfj. 
cerebral, 313 

changes of red cells in. H9 
effects of mercury on the blood 

in, 209 
eosinophilia in, US, 271 
hiemoglobin in, 270 
leucocvtosis in, 270 
IvmphtK'vtosis in. 114 
myelocytf-s in. 120. 271 

Tktams. 2U 
Tetanv. 313 

Thoma Zeiss blood counter. a<'cunicy 
of, 15, 20 

bhuMl counter, cleaning of, 17 

bl(M)d countei, disadvantages, 
20 

blood (counter, use of, 11-21 

counting slide. 15 
Tintometer (Olivers), 20 
Toisson's sohition, 12 
Tonsillitis, 213 
Toxic lenc<K*ytosi8. 109 
Transitional leucocvtes, 63 
Trichinosis, 239 

eosinophilia in, 119 
Tropi<»al imemia, 82 
Tubercular pneum<mia, 250 
Tuberculin, 119. 25f? 
Tuberculosis, 253 

acute miliary, 26 1 
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Tuberculoeifl, changes in red cells 
in, 89, 253, 890 

gen i to-urinary, 268 

leucopenia in, 262 

leucocytes in, 114, 255-264 

of bones, 259 

of serous membranes, 264 

pulmonary, 255 
Tumors (see OEmcer and Sarcoma) . 
Typhoid, 191 

anaemia in, 191 

bacteriology, 191 

changes of red cells in, 89 

diagnosis of, 191 

effects of complications, 194 

effects of intestinal perforation 
in, 194 

leucocytes is in, 198 

leucopenia in, 118, 193 
• serum-diagnosis in, 415 
Tjrphus, 237 

necrobiotic changes in, 89 

Uremia, 303 
Uric-acid diathesis, 817 
Urine, examination of, compared 
with blood examination, 8 



Uterus, cancer of, 349 

Variola, 180 
Varicella, 180 
Vasomotor influences, elTe<>t on 

blood, 57, 74 
Volume of red cells estimated by 

haematocrit. 26 
Vomiting, concentration of l>lo(»d 

in, 76 

Warm-staqe, use of, 9 
White corpuscles, amoeboid and 
non -amoeboid fortim, 52 
corpuscles, descTiption of, in 

fresh bl(Kxl, 52 
corpuscles, distinguishing them 

from red, 18 
corpuscles, normal number of. 
59 
Whooping-cough, 206 
Wounds, septic, 219 

Xanthin bases, effect of, in bltK>d. 
120, 259 

Yellow fever, 236, 425 
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